


Earth Science requirements for airborne capabilities vary dramatically with regard to aircraft flight 

regimes (altitude and range), duration, and payload carrying capacity, along with many operational 

characteristics.  This report updates the known requirements for NASA Airborne Science support 

from earlier reports, including the “NASA Airborne Science Program Requirements 2013 Update.”  

A special section is devoted to lessons learned from the Earth Venture Suborbital requests. This 

report also includes results from a survey of  NASA Science Center requirements. This report is a 

combined product, documenting requirements for the next 5 years and focusing on capability 

needs and gaps for the Airborne Science Program.
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Figure ES-1  NASA Research Aircraft characterized by altitude and endurance capability.
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The NASA Airborne Science Program (ASP) serves the Earth Science community with a wide range of  
aircraft, instrument and mission support capabilities. Earth Science requirements for airborne capabilities 
vary dramatically between science disciplines and from instrument to instrument. NASA researchers re-
TXLUH�DFFHVV�WR�KLJKO\�PRGLÀHG�DLUFUDIW�FRYHULQJ�YHU\�GLIIHUHQW�ÁLJKW�UHJLPHV�ZLWK�UHJDUG�WR�DOWLWXGH�DQG�
range, duration, and payload carrying capacity, onboard power and satellite communications. For ASP 
to continue to meet the science community it is crucial to understand the requirements as far into the 
future as possible in order to schedule maintenance, upgrades, acquisitions, and divestments. 

This report describes the current and projected needs of  the NASA SMD Earth Science community 
with information collected from planned NASA satellite mission teams, Research and Analysis Pro-
JUDPV��DQG�WHFKQRORJ\�GHYHORSPHQW�SURJUDPV��LQ�DGGLWLRQ�WR�ÁLJKW�UHTXHVWV��GLVFXVVLRQV�ZLWK�3URJUDP�
scientists and scientists at the NASA science centers. 

Current aircraft performance capabilities are represented in the Figures ES-1 and ES-2 below. The 
NASA ESD / ASP program-funded aircraft include the DC-8, P-3, two ER-2s, C-20 (Gulfstream-III), 
and a Global Hawk. This requirements activity shows demand for all the ASP-funded aircraft and many 
others. Apparent gaps in platform capabilities are shown in Figure ES-3, based on activities underlying 
this report. 
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Findings:

��7KHUH�DUH�FOHDU�UHTXLUHPHQWV�IRU�DOO�DLUFUDIW�FXUUHQWO\�LQ�WKH�FRUH�ÁHHW�JLYHQ�FXUUHQWO\�IXQGHG�LQVWUXPHQW�GHYHORSPHQW��
VDWHOOLWH�PLVVLRQV��5	$�UHVHDUFK��DQG�WKH�(DUWK�9HQWXUH�OLQH�RI �PLVVLRQV�

��$OO�VDWHOOLWH�PLVVLRQV�FXUUHQWO\�LQ�IRUPXODWLRQ�KDYH�SODQV�WR�XVH�DLUFUDIW�GXULQJ�RQH�RU�PRUH�SKDVHV�RI �WKHLU�GHYHORS-
PHQW�DQG�RSHUDWLRQV�

��5HTXLUHPHQWV�IRU�PHGLXP�DOWLWXGH��PHGLXP�SD\ORDG��EXVLQHVV�FODVV�MHW�RU�6XSHU�.LQJ�$LU�DLUFUDIW�KDYH�LQFUHDVHG�DQG�
UHSUHVHQW�D�JDS�LQ�WKH�FXUUHQW�ÁHHW��IRUFLQJ�SURMHFWV�WR�UHO\�RQ�OHVV�FDSDEOH�DLUFUDIW��RU�RWKHU�DJHQF\�DLUFUDIW�

��7KHUH�DUH�QR�SODWIRUPV�FDSDEOH�RI �SURYLGLQJ�ORZ�DOWLWXGH�ORQJ�HQGXUDQFH�PHDVXUHPHQWV�UHTXLUHG�IRU�RFHDQ�DQG�ODQG�
VXUIDFH�ÁX[HV�DQG�UDGLDWLRQ�PHDVXUHPHQWV�

��7KHUH�LV�D�FRQWLQXHG�FDOO�IURP�WKH�VFLHQFH�FRPPXQLW\�IRU�KLJK�DOWLWXGH�ORQJ�HQGXUDQFH�SODWIRUPV�IRU�SURYLGLQJ�
� JHRVWDWLRQDU\�OLNH�PHDVXUHPHQWV�LQ�DGGLWLRQ�WR�SURYLGLQJ�GLXUQDO�PHDVXUHPHQWV�RI �DWPRVSKHULF�SKHQRPHQRQ�
�

)LJXUH�(6���KLJKOLJKWV�VRPH�JDSV�LGHQWLÀHG�LQ�WKH�H[LVWLQJ�ÁHHW�EDVHG�RQ�IHHGEDFN�IURP�FXUUHQWO\�IXQG-
HG�3URJUDPV�DQG�3URMHFWV�DQG�7DEOH�(6���H[SODLQV�WKH�QHHG�EHKLQG�HDFK�RI �WKHVH�JDSV���,Q�)LJXUH�(6����
the terminology “core-funded” refers to the Earth Science Directorate subsidy to these assets in the ASP 
ÁHHW��7KH�-6&�*�,,,�DLUFUDIW�ZDV�RQO\�VXEVLGL]HG�WKURXJK�)<�������
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Figure ES-3 6XPPDU\�RI�DLUFUDIW�JDSV�DV�LGHQWL¿HG�E\�1$6$�6FLHQFH�&HQWHU�6XUYH\�

Table ES-1 Explanation of gaps indicated in Figure ES-3

Gaps in Capacity

1

Gap Performance Need Science Rationale  Possible Solution

Flight altitude to 
50kft, 8 hr duration, 
moderate payload

Gulfstream VSimilar to DC-8 flight regime, 
including nadir ports, but 
something smaller and less 
expensive

Lidar systems for weather 
and terrain mapping, but not 
full size laboratory

2
Flight altitude 25 to 35 
kft, 8 hr duration, 
small to moderate 
payload

King Air B-350; 
possible business 
jet

Similar to King Air (B-200), 
but with longer duration

In situ sampling and ocean 
color both want 8 hrs, but 
flight characteristics and cost 
of B-200

5
Low altitude, long 
duration (or long range 
to target), where the 
target is remote or there 
are basing constraints

Long duration, low 
altitude UAS (OR 
ship launch)

100 – 200 ft over water, 
stable flight; over land with 
auto pilot

Radiation science over the 
ocean; carbon flux measure-
ment; coral or ocean color 
imaging

3
Very high altitude 
(65+kft), long duration 
(24 hrs), fly anywhere

Continue UAS in the 
NAS work; possible 
new aircraft

Similar flight regime as 
Global Hawk, ideally higher, 
not constrained to over 
ocean

Ability to see the evolution of 
atmospheric transport 
processes during a 24-hour 
period

4
Very long endurance 
(~week)

Aerial refueling, 
airship or balloon; 
new aircraft

Above weather and traffic 
with ability to follow event 

Ability to monitor or track fire 
or pollutant plume, storm 
development
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1. INTRODUCTION

Objectives and Background
The NASA Airborne Science Program charter is to meet the needs of  the NASA Earth Science com-
PXQLW\�E\�RSHUDWLQJ�DQG�PDLQWDLQLQJ�D�ÁHHW�RI �KLJKO\�PRGLÀHG�DLUFUDIW�FDSDEOH�RI �HQDEOLQJ�REVHUYDWLRQV�
in support of  NASA satellite missions and associated research and analysis programs. The purpose of  
this report is to document the planned and projected aircraft capabilities required by the NASA Science 
Mission Directorate (SMD) Earth Science Division (ESD) and serves as an update to a previous report.  
This report addresses the latest information based on discussions with Earth scientists in the NASA 
community, program scientists at NASA HQ, science teams for current and upcoming Earth science 
VSDFHFUDIW�PLVVLRQV��DQG�VFLHQFH�WHDPV�IRU�XSFRPLQJ�ÀHOG�PLVVLRQV���,W�DOVR�GUDZV�RQ�WKH�GDWD�LQ�WKH�
6FLHQFH�2SHUDWLRQV�)OLJKW�5HTXHVW�6\VWHP��62)56���DOWKRXJK�ÁLJKW�UHTXHVWV�WHQG�WR�EH�PRUH�QHDU�WHUP�
and based on what aircraft systems are currently available.

The goal of  this report is both to document current requirements and to provide guidance on chang-
HV�QHHGHG�WR�HQVXUH�WKDW�WKH�$63�DLUFUDIW�ÁHHW�DQG�DVVRFLDWHG�DLUFUDIW�FRQWLQXH�WR�VHUYH�1$6$�(DUWK�
science. Another objective is to identify mission support needs that require investment, as in integration 
infrastructure, data handling or communications systems.  

Scope 

This report addresses the many capabilities of  the Airborne Science Program that together provide sci-
ence investigators with the services and performance needed for their missions. These include:

��$LUFUDIW�V\VWHPV��ERWK�PDQQHG�DQG�XQPDQQHG��ZLWK�D�ZLGH�VSHFWUXP�RI �ÁLJKW�DOWLWXGHV��UDQJHV��DQG�VSHHGV��
)OLJKW�SODQQLQJ�DQG�GHSOR\PHQW�SODQQLQJ�

��3D\ORDG�FDUU\LQJ�FDSDELOLWLHV��LQFOXGLQJ�ZHLJKW�DQG�YROXPH��SRZHU��HQYLURQPHQWDO�FRQWURO��VSHFLDOL]HG�DFFHVV�
SRUWV��ZLQGRZV�DQG�SUREHV��3RGV�DQG�GLVSHQVHUV�

��,QWHJUDWLRQ�RI �SD\ORDG�V\VWHPV��PXOWLSOH�SD\ORDGV��GDWD�DQG�FRPPXQLFDWLRQ�V\VWHPV��0XOWL�SODWIRUP�
� PLVVLRQ�FRRUGLQDWLRQ�

��0LVVLRQ�WRROV��LQFOXGLQJ�UHDO�WLPH�GDWD�DFFHVV��FRPPXQLFDWLRQV��DQG�PDSSLQJ��

��6FLHQFH�VXSSRUW�LQVWUXPHQWDWLRQ�DQG�V\VWHPV��VXFK�DV�FDPHUDV�DQG�LQHUWLDO�PHDVXUHPHQW�XQLWV��,08V���
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Approach to Data Collection
The primary method for collecting information found in this report was through direct interviews with 
stakeholders of  the Airborne Science Program. Additional information was collected through published 
reports, on-line schedules, or information presented at science team meetings or mission-related work-
shops. All information collected from these sources was then recorded in the form of  internal reports 
DQG�VSUHDGVKHHWV��YDOLGDWHG�DJDLQ�E\�VWDNHKROGHUV�DQG�WKHQ�V\QWKHVL]HG�DQG�VXPPDUL]HG�LQ�WKLV�UHSRUW��

We have collected requirements information from many sources, including:

���([LVWLQJ�ÁLJKW�UHTXHVWV��
���$LUFUDIW�ÁLJKW�VFKHGXOHV��
���$QQXDO���\U�SODQQLQJ�IRUHFDVW
���5HFHQW�VFLHQFH�PHHWLQJ�SURFHHGLQJV�DQG�UHSRUWV
���,QWHUYLHZV�ZLWK�SURJUDP�PDQDJHUV�DQG�SURJUDP�H[HFV
���,QWHUYLHZV�ZLWK�SULQFLSOH�LQYHVWLJDWRUV
���(DUWK�6FLHQFH�VDWHOOLWH�DQG�VSDFH�PLVVLRQ�VFLHQFH�WHDPV�DQG�SUHVHQWDWLRQ�PDWHULDOV
���,QWHUDJHQF\�VFLHQFH�JURXSV���GRFXPHQWDWLRQ
���1$6$�&HQWHUV�VXUYH\�DFWLYLW\�DQG�UHTXLUHPHQWV�PHHWLQJ

The last item refers to survey activity that occurred in late 2012 and a review meeting which took place 
on April 19, 2013. The results from this activity are highlighted in this report.

Report Structure
TKH�UHSRUW�LV�VWUXFWXUHG�DV�IROORZV��6HFWLRQ���VXPPDUL]HV�WKH�FXUUHQW�DVVHWV�RI �WKH�SURJUDP�DQG�LQFOXGHV�
D�EULHI �V\QRSVLV�RI �SDVW�ÁHHW�XWLOL]DWLRQ�DQG�UHTXLUHPHQWV�DQDO\VLV�HIIRUWV���'HWDLOHG�VSHFLÀFDWLRQV�RI �WKH�
FXUUHQW�FDSDELOLWLHV�DUH�LQFOXGHG�LQ�$SSHQGL[�$���6HFWLRQ���SUHVHQWV�NQRZQ�RU�SURMHFWHG�UHTXLUHPHQWV�
for Earth Science satellite and International Space Station missions, process studies including Earth 
Venture Suborbital missions, and technology development. A new section since the 2013 report presents 
DLUERUQH�UHTXLUHPHQWV�VXJJHVWHG�IRU�WKH�QH[W�1DWLRQDO�5HVHDUFK�&RXQFLO�'HFDGDO�6XUYH\��ZKLFK�LV�
H[SHFWHG�LQ�������6HFWLRQ���VXPPDUL]HV�WKH�DFWLYLW\�DQG�UHVXOWV�RI �WKH������6FLHQFH�&HQWHU�6XUYH\�LQLWLD-
WLYH��LQFOXGLQJ�JDSV�DQG�LQYHVWPHQWV�LGHQWLÀHG�IURP�WKDW�DFWLYLW\���6HFWLRQ���SUHVHQWV�DQDO\VLV��UHFRPPHQ-
GDWLRQV�DQG�FRQFOXVLRQV���$SSHQGL[�%�FRQWDLQV�WKH�PRVW�UHFHQW�$63���\HDU�SODQ��$SSHQGL[�&�LV�D�OLVW�RI �
acronyms found in the report.
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Current Program Assets
TKH�FXUUHQW�FRPSRVLWLRQ�RI �WKH�1$6$�$63�FRUH�DLUFUDIW�ÁHHW�LV�GULYHQ�E\�RQ�JRLQJ�GHPDQG�E\�IXQGHG�
projects and programs for each platform’s unique capabilities. Table 1 lists the current aircraft portfolio 
RI �WKH�SURJUDP�LQFOXGLQJ�QRQ�60'�IXQGHG�DLUFUDIW�DW�1$6$�FHQWHUV�WKDW�DUH�PRGLÀHG�WR�FDUU\�LQVWUX-
mentation. The science community also has access to numerous other platforms from commercial pro-
viders and through cooperation with the Interagency Coordinating Committee for Airborne Geoscience 
5HVHDUFK�DQG�$SSOLFDWLRQV��,&&$*5$���DV�GLVFXVVHG�LQ�$SSHQGL[�$�

In addition to aircraft, the program maintains facility instrumentation associated with each vehicle to 
provide basic aircraft and environmental parameters, Iridium and Inmarsat satellite communications 
systems, onboard data systems, and processing hardware. In addition, the program maintains and cus-
WRPL]HV�VHYHUDO�VRIWZDUH�V\VWHPV�LQWHJUDO�WR�WKH�IXQFWLRQ�RI �WKH�SURJUDP�DQG�VXSSRUWHG�PLVVLRQV��7KH�
$63�ZHEVLWH�SURYLGHV�WKH�XVHU�FRPPXQLW\�ZLWK�LQIRUPDWLRQ�RQ�DOO�SODWIRUPV��LQFOXGLQJ�H[SHULPHQWHU·V�
KDQGERRNV��ÁLJKW�VFKHGXOHV�DQG�HQJLQHHULQJ�VXSSRUW��7KH�ZHEVLWH�DOVR�SURYLGHV�WKH�SULPDU\�LQWHUIDFH�WR�
the Science Operations Flight Request System (SOFRS), which enables users to scope missions, devel-
RS�FRVW�HVWLPDWHV��WUDFN�ÁLJKW�KRXUV�DQG�UHYLHZ�ÁLJKW�UHSRUWV��7KH�0LVVLRQ�7RROV�6XLWH��076��SURYLGHV�
D�FXVWRPL]DEOH�FRPPRQ�RSHUDWLQJ�SLFWXUH�IRU�DLUERUQH�VFLHQFH�PLVVLRQV��ZLWK�D�PRYLQJ�PDSV�GLVSOD\�
showing the location of  mission aircraft along with relevant geospatial data products, and it the primary 
interface during a mission for viewing instrument status and realtime data products. All assets and capa-
ELOLWLHV�RI �WKH�$LUERUQH�6FLHQFH�3URJUDP�DUH�GHWDLOHG�LQ�$SSHQGL[�$��
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Airborne
Science
Program

Resources

GTOW
(lbs)

Max
Altitude

(ft)
Platform

Name Center Duration
(Hours)

Useful
Payload

(lbs)
Airspeed
(knots)

Range
(Nmi) Internet and Document 

References

ASP 
Supported
Aircraft*

Other
NASA
Aircraft

DC-8

ER-2 (2)

Gulfstream III
(G-III)(C-20A)

Global Hawk
 

P-3

B-200 
(UC-12B)

B-200

B-200

B-200
King Air

C-130 (2)

C-23 Sherpa

Cessna 206H

Cirrus SR22

Dragon Eye

Gulfstream III
(G-III)

HU-25C
Falcon

Ikhana

Learjet 25

Learjet 35

S-3B Viking

SIERRA

T-34C

Twin Otter

UH-1

Viking-400 (4)

WB-57 (3)

12

12

7

26

14

5

5

5

6.0

12

6

5

6.1

<1

7

4.5

20

2

2.5

6

10

3

3

2

11

6.5

30,000

2,550

2,610

1,500

14,700

2,000

1,700

2,000

1,800

36,500

7,000

646

932

1

2,610

2,000

2,000

2,000

4,200

12,000

100

100

3,000

3,880

100

8,800

340,000

40,000

69,700

26,750

135,000

13,500

13,420

13,500

12,500

155,000

27,100

3,600

3,400

6

69,700

32,000

10,500

15,000

19,600

52,500

400

4,400

11,000

9,040

520

72,000

41,000

>70,000

45,000

65,000

32,000

28,000

28,000

28,000

28,000

33,000

20,000

10,000

10,000

1000

45,000

36,000

45,000

45,000

45,000

40,000

12,000

25,000

25,000

12,000

15,000

60,000+

450

410

460

335

400

220

270

220

275

290

190

150

175

34

460

350

171

350

350

350

60

150

140

108

60

410

5,400

>5,000

3,400

9,000

3,800

1,000

1,400

1,000

1,800

3,000

1,000

700

970

3

3,400

1,600

3,000

1,000

2,300

2,300

600

500

450

275

600

2,500

NASA-
AFRC
NASA-
AFRC
NASA-
AFRC
NASA-
AFRC
NASA-
WFF
NASA-
LARC
NASA-
AFRC
NASA-
LARC
NASA-
WFF
NASA-
WFF
NASA-
WFF
NASA-
LARC
NASA-
ARC
NASA-
JSC
NASA-
LARC
NASA-
AFRC
NASA-
GRC
NASA-
GRC
NASA-
ARC
NASA-
GRC
NASA-
GRC
NASA-
GSFC
NASA-
ARC
NASA-
JSC

http://airbornescience.
nasa.gov/aircraft/DC-8
http://airbornescience.nasa.gov-
/aircraft/ER-2
http://airbornescience.nasa.gov-
/aircraft/G-III_C-20A_-_Dryden
http://airbornescience.nasa.gov-
/aircraft/Global_Hawk
http://airbornescience.nasa.gov-
/aircraft/P-3_Orion
http://airbornescience.nasa.gov-
/aircraft/B-200_UC-12B_-_LARC
http://airbornescience.nasa.gov-
/aircraft/B-200_-_DFRC
http://airbornescience.nasa.gov-
/aircraft/B-200_-_LARC
https://airbornescience.nasa.gov-
/aircraft/B-200_King_Air_-_WFF
https://airbornescience.nasa.gov-
/aircraft/C-130_Hercules
http://airbornescience.nasa.gov-
/aircraft/C-23_Sherpa
http://airbornescience.nasa.gov-
/aircraft/Cessna_206H
http://airbornescience.nasa.gov-
/aircraft/Cirrus_Design_SR22
http://airbornescience.nasa.gov-
/aircraft/B-200_-_LARC
http://airbornescience.nasa.gov-
/aircraft/G-III_-_JSC
http://airbornescience.nasa.gov-
/aircraft/HU-25C_Falcon
http://airbornescience.nasa.gov-
/aircraft/Ikhana
http://airbornescience.nasa.gov-
/aircraft/Learjet_25

http://airbornescience.nasa.gov
/aircraft/S-3B
http://airbornescience.nasa.gov-
/platforms/aircraft/sierra.html
http://airbornescience.nasa.gov-
/aircraft/T-34C
http://airbornescience.nasa.gov-
/aircraft/Twin_Otter_-_GRC
https://airbornescience.nasa.gov-
/aircraft/UH-1_Huey
https://airbornescience.nasa.gov-
/aircraft/Viking-400
http://airbornescience.nasa.gov-
/aircraft/WB-57

Table 1. Current NASA Aircraft Platforms
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6KRZQ�LQ�7DEOH���LV�WKH�FRPSRVLWLRQ�RI �WKH�ÁLJKW�KRXUV�DFURVV�WKH�ÁHHW�IRU�������7DEOH���VKRZV�KLV-
WRULFDO�GDWD�VLQFH�������1RWH�WKDW�WKH�PDMRULW\�RI �WKH�ÁLJKW�KRXUV�DUH�IRU�WKH�$63�SURJUDP�VXSSRUWHG�
aircraft, including especially the use of  the Gulfstream – III carrying the UAVSAR instrument. This trend 
is anticipated to continue for the foreseeable future. A parallel trend is the steady use of  other capability, 
readily available commercially or from other agency providers. 

Figure 1. Airborne Science Flight hours. Hours in FY2013 and FY2014 exceed 4500.

Historical ASP Fleet Utilization
HLVWRULFDO�GDWD�RQ�DLUFUDIW�ÁLJKW�KRXUV�FDQ�EH�XVHG�DV�D�JXLGH�WR�IXWXUH�GHPDQG�IRU�WKH�$63�ÁHHW��6KRZQ�
LQ�)LJXUH���DUH�WRWDO�SURJUDP�ÁLJKW�KRXUV�IRU�WKH�SDVW����\HDUV��7KH�WRWDO�KDV�JURZQ�VLJQLÀFDQWO\�LQ�UHFHQW�
\HDUV��HVSHFLDOO\�ZLWK�2SHUDWLRQ�,FH%ULGJH�DQG�(DUWK�9HQWXUH���DFWLYLWLHV��7KLV�WUHQG�LV�H[SHFWHG�WR�
continue, especially with the recent release of  the Earth Venture Suborbital-2 solicitation. 
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Table 2. Flight hours by Aircraft in FY 2014

Table 3. Flight hours (per FY) for major Aircraft since 2006

Aircraft Total FRs Total
Approved

Total
Partial

Total
Completed

Total Hours
Flown

DC-8
ER-2
P-3
WB-57
Twin Otter
B-200
G-3
Global Hawk
C-130 Hercules
C-23 Sherpa
Dragon Eye
Falcon - HU-25
S-3 Viking
SIERRA
T-34
Other

TOTALS
 

8
25
13
9
31
13
48
7
2
6
1
4
1
4
2
32

206

6
18
6
7
17
9
31
3
2
4
0
2
1
0
1
16

123

0
8
0
2
3
1
0
0
1
1
0
0
0
0
0
1

17

5
7
4
5
13
7
27
3
1
2
0
2
1
0
1
11

89

88.8
359.8
610.2
46.1
509.7
352.4
771.6
444.7
231
316
0

69.2
37
0

29.2
734.4

4600.1

Aircraft / Hrs
flown 2006

DC-8
ER-2
P-3
G-III 
Global Hawk
WB-57
B-200
Twin Otter
Sherpa
SIERRA
Falcon
Cessna 206
C-130 Hercules
T-34
Ikhana
Learjet 25
Aerosonde
Altair
S-3 Viking
Other
TOTALS

264
168
123

-  
-  

122
157
199

-  
-  
-  
-  
-  
-  
-  
-  
74
73
-  

108
1288

2007

104.8
190.4
250.9
   0
   -
83.8
55
171.7
   -
   -
   -
   -
   -
   -
79.1
   -
23.5
   -
   -
   -

1634.8

2008

292.1
148.9
201.4
155.9

-    
11.3

415.7
327.4

 -    
0   
-    
0   
-    
0   

54.5
4.1
11

98.4
-   

40.1
996.1

2009

20.3
150.7
216.1
526   

0   
44.5

331.8
103.8

-    
76   
-    

41   
-    

26.4
0   

66.7
0   
-   
-   

273.4
1876.7

2010

650.8
188.8
112.1
278.8
227.3
40   

274.6
292.1

-    
10   
-    

18.3
-    

73.7
0   

14.6
-   
-   
-   

523.1
2704.2

2011

228.3
143.7
533.3
448.4

0   
79.7

304.5
281.6

0   
 17   

-   
87.2

-   
0   
0   
0   
-   
-   
-   

363.7
2605.4

2012

533.1
443.2
410.2
623.8
219.8
29.7

157.2
429.2
257.9
31.6
75.5
99.3
-    

37.6
0   
0   
-   
-   
-   

539.7
3887.8

2013

474.5
566.8
462.3
890.5
517.3

0   
258.3
150.7
320.1

5.8
31.9

0   
2   

35.1
0   
0   
-   
-   
-   

868.6
4583.9

2014

88.8
359.8
610.2
771.6
444.7
46.1

352.4
509.7
316   

0   
69.2
0   

231   
29.2
0   
0   
-   
-   

37   
734.4
4600.1
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���9,8<09,4,5;:�-69�,(9;/�:*0,5*,
GLYHQ�WKH�ÁHHW�RI �SODWIRUPV�DQG�WKHLU�FDSDELOLWLHV�DV�GHVFULEHG�SUHYLRXVO\��WKH�TXHVWLRQ�WR�WKH�VFLHQWLVW�LV��
does this range of  capabilities meet your science needs? Since NASA Earth Science covers many topics, 
the range of  observation and measurement requirements is also very broad. From past, current and 
future requirements activities, it is possible to describe and draw the general science regimes for airborne 
performance. The spectrum covers a wide range of  altitude, duration, range and payload capability. Fig-
ure 2 is a science overlay in altitude – endurance space, based on ten years of  combined data points from 
science community studies, including the “Suborbital Science Missions of  the Future.” Figure 3 is based 
on more recent input.

Figure 2. 6FLHQFH�RYHUOD\�±�UHTXLUHPHQWV�LQ�DOWLWXGH�GXUDWLRQ�VSDFH�IRU�(DUWK�
Science focus areas. (Data from ASP science database.)

7SH[MVYT�WLYMVYTHUJL��HS[P[\KL�HUK�K\YH[PVU��
YLX\PYLK�KLZPYLK�MYVT�,HY[O�:JPLUJL�JVTT\UP[`
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Figure 3. �5HTXLUHPHQWV�GHULYHG�IURP�UHFHQW�VWXGLHV�

+LÄUP[PVUZ�HUK�9LX\PYLTLU[Z
This section describes the science regimes and the science motivation for platform performance. In gen-
eral, a balanced portfolio of  low, medium, and high altitude aircraft will be needed to operate, test and 
HYDOXDWH�DGYDQFHG�LQVWUXPHQWV�DQG�PLVVLRQ�GHVLJQ�FRQFHSWV��7KH�JHQHUDO�GHÀQLWLRQV�EHORZ�DOVR�LPSO\�
WKDW�D�XVHIXO�SD\ORDG�FDQ�EH�FDUULHG�ZKLOH�Á\LQJ�DW�DOWLWXGH�IRU�WKH�GXUDWLRQ�RI �WKH�ÁLJKW�

Very High Altitude (>60,000 ft) High Altitude (>45,000 ft) – Enables testing instrument retrievals and 
DVVHVVPHQW��+LJK�DOWLWXGH��PXOWL�SD\ORDG��VWDEOH�ÁLJKW�SODWIRUP��H�J���(5����:%�����IRU�SUHFLVH�VDWHOOLWH�
XQGHU�ÁLJKWV

Mid Altitude (20,000 – 45,000 ft) ²�0HGLXP��WR�ODUJH�VL]H�DLUFUDIW�DUH�FRVW�HIIHFWLYH��FDSDEOH�SODWIRUPV�
for correlative studies with ground sensors, low aircraft and satellites. Long-duration, long-range, mid-al-
titude aircraft (e.g., P-3, DC-8) to deploy in situ, lidar and polarimeter instruments for atmosphere and 
RFHDQ�DWPRVSKHUH�LQWHUIDFH�VWXGLHV��ZLWK�ERWK�SURÀOLQJ�DQG�FRQVWDQW�DOWLWXGH�OHJV

Low Altitude (<20,000 ft), Very low altitude (<5000 ft) ²�VPDOO�WR�PLG�VL]H�DLUFUDIW��H�J���%������IRU�
deploying in situ and remote sensors to validate retrievals; also larger aircraft (e.g., C-23 Sherpa) for carrying 
larger payload at low altitude.

*\YYLU[�(PYJYHM[�7SH[MVYT�9LX\PYLTLU[Z���9LJLU[
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High altitude�ÁLJKW�LV�UHTXLUHG�IRU�VLPXODWLRQ�RI �VDWHOOLWH���VSDFH�PLVVLRQV�EHFDXVH�WKH�REVHUYDWLRQV�DUH�
made from above most of  the atmosphere. Furthermore, the environmental conditions simulate space if  
the payload is not in a controlled space. High altitude is also desirable for atmospheric measurements at the 
tropopause and in the stratosphere. Note that higher levels of  instrument autonomy, similar to spacecraft 
payloads, are required for high altitude aircraft with fewer or no operators on board.

AGGLWLRQDO�UHDVRQV�IRU�Á\LQJ�KLJK�
��5HDFK�WKH�YHU\�LPSRUWDQW�XSSHU�WURSRVSKHUH��ORZHU�VWUDWRVSKHUH�ERXQGDU\��87/6�
��)O\�RYHU�FORXG�WRSV�DQG�RYHU�D�JUHDWHU�GHSWK�RI �WKH�FORXG�
��6LPXODWH�VSDFH�HQYLURQPHQWDO�FRQGLWLRQV
��6LPXODWH�FROXPQ�VHHQ�IURP�VSDFH
��6LPXODWH�DUHD�FRYHUDJH�VHHQ�IURP�VSDFH
��)RU�D�JLYHQ�LQVWUXPHQW��VZDWK�ZLGWK�VFDOHV�OLQHDUO\�ZLWK�DOWLWXGH��$*/��DQG�SL[HO�
��UHVROXWLRQ�VFDOHV�LQYHUVHO\
��$LU�WUDIÀF�FRQWURO�UHJXODWLRQV�FKDQJH�DW�KLJKHU�DOWLWXGHV��XVXDOO\�PRUH�OHQLHQW�

Long endurance / long range
,W�LV�VWLOO�QRW�SRVVLEOH�WR�FRPSOHWHO\�VDPSOH�WKH�WURSRVSKHUH��������NIW��ZLWK�LQ�VLWX�VHQVRUV�RQ�ERDUG�D�
single aircraft without compromising on either payload or ceiling. In general, longer-duration, longer-range, 
higher-altitude, more cost-effective aircraft are needed.
 
+HDY\�OLIW�DERYH����NIW�WR�UHDFK�WKH�WURSRSDXVH�LV�RI �KXJH�YDOXH��+HDY\�OLIW�LV�GHÀQHG�DV�WKH�DELOLW\�WR�FDUU\�
DV�PDQ\�DV����GLIIHUHQW�SD\ORDG�LQVWUXPHQWV�DQG�FDQ�ZHLJK�IURP������WR������OEV��0HGLXP�OLIW�DERYH����
NIW�DQG�IRU�ORQJ�GXUDWLRQ����KU��LV�DOVR�QHHGHG��0HGLXP�OLIW�LV�GHÀQHG�DV�WKH�DELOLW\�WR�FDUU\�XS�WR���GLIIHUHQW�
payload instruments and can weigh from 200 to 600 lbs.

Additional reasons for long duration.
��'LXUQDO�����KUV��DQG�ORQJHU�FRQWLQXRXV�PHDVXUHPHQWV�DUH�QHHGHG�
��'LVWDQFH�WR�UHPRWH�ORFDWLRQV�RIWHQ�UHTXLUHV�ORQJ�GXUDWLRQ�ÁLJKW�WR�HQVXUH�WKDW�WKHUH�ZLOO�EH�VXIÀFLHQW�WLPH�WR�WDNH�GDWD��
��(VSHFLDOO\�QHHGHG�ZLWK�FXUUHQW�WHFKQRORJ\�LV�ORQJ�UDQJH�FDSDELOLW\�WR�PDNH�PHDVXUHPHQWV�RYHU�WKH�SRODU�UHJLRQV��
� $OWHUQDWLYHO\��DLUFUDIW�ZLWK�ORQJHU�HQGXUDQFH�WKDW�FRXOG�VDIHO\�RSHUDWH�RXW�RI �WKH�FRPPRQ�KLJKHU�ODWLWXGH�DLUÀHOGV�DW��

� GHVLUHG�PLVVLRQ�WHPSR�FRXOG�VDWLVI\�WKH�RQJRLQJ�QHHG�IRU�PHDVXUHPHQWV�LQ�SRODU�UHJLRQV�
 

Flying laboratory at mid-altitude
The research community still requires scientists to be onboard the aircraft in many cases. This is important for 
research, technology development & testing, and generally more cost effective than investing in autonomy for 
research operations.

7KH�FXUUHQW�LQWHUGLVFLSOLQDU\�IRFXV�RI �(DUWK�VFLHQFH�UHTXLUHV�PRUH�FRPSOH[�SD\ORDGV��VR�KHDY\�OLIW�LV�VWLOO�D�
SUHPLXP������LQVWUXPHQWV���DOWKRXJK�WKHUH�DUH�VWLOO�TXHVWLRQV�WKDW�FDQ�EH�LQYHVWLJDWHG�ZLWK�D�PHGLXP�VL]HG�
SD\ORDG��H�J��������LQVWUXPHQWV���
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$OVR�DW�PLG�DOWLWXGH�LV�D�UHTXLUHPHQW�IRU�OHVV�H[SHQVLYH�ÁLJKW�RSSRUWXQLWLHV�IRU�XS�WR���KRXUV��EXW�IRU�D�
smaller number of  instruments. A combination of  several imagers or a combination of  an active and pas-
VLYH�LQVWUXPHQW�IRU�FDO�YDO�DFWLYLWLHV�GRHV�QRW�QHFHVVDULO\�UHTXLUH�KHDY\�OLIW��EXW�ORQJHU�OHJV�WKDQ�D�%�����

Low altitude / long endurance
LRZ�DOWLWXGH�ÁLJKWV�DUH�HVSHFLDOO\�XVHIXO�IRU�VRPH�ODQG�VXUIDFH�PHDVXUHPHQWV��FDQRS\�PHDVXUHPHQWV��DQG�
RFHDQ�PHDVXUHPHQWV��3L[HO�VL]H�RU�RWKHU�PHDVXUHPHQW�UHVROXWLRQ�LPSURYHV�ZLWK�FORVHQHVV�WR�WKH�VXUIDFH��
Often the regions of  interest are remote - a far distance from the aircraft base and so long range is required. 
For some measurements, long endurance is desirable for mapping large areas without returning to base, in 
order to achieve a homogeneous data set within a certain time frame.

9LX\PYLTLU[Z�YLSH[LK�[V�5(:(�,HY[O�:JPLUJL�TPZZPVUZ�MYVT�ZWHJL�
The NASA Earth Science community depends for a majority of  Earth Science studies on data from 
Earth-orbiting satellites. The Airborne Science Program supports Earth Science satellite missions in a 
variety of  ways:
 ��$OJRULWKP�GHYHORSPHQW�SULRU�WR�ODXQFK
� ��,QVWUXPHQW�WHVW�GXULQJ�WKH�PLVVLRQ�GHYHORSPHQW�SKDVH
� ��&DOLEUDWLRQ�DQG�YDOLGDWLRQ�DIWHU�ODXQFK
� ��)LHOG�WHVWV�WKDW�SDUDOOHO�WKH�PLVVLRQ�PHDVXUHPHQWV�ZLWK�LPSURYHG�WHPSRUDO�RU�VSDWLDO�VSHFLÀFLW\�RU�UHVROXWLRQ
� ��2EVHUYDWLRQ�WHFKQLTXH�GHYHORSPHQW
� ��'HYHORS�DQ�HDUO\�DGRSWHUV�FRPPXQLW\��L�H��XVHU�UHDG\�WR�LQJHVW�XVH�GDWD�RQFH�WKH�VSDFHFUDIW�EHFRPHV�RSHUDWLRQDO�

A siJQLÀFDQW�SRUWLRQ�RI �$63�PLVVLRQV�VXSSRUW�RU�FRPSOHPHQW�VDWHOOLWH�PLVVLRQV��2QH�UHSUHVHQWDWLYH�
H[DPSOH�LV�WKH�DQQXDO�&$/,362�FDO�YDO�PLVVLRQ��RQJRLQJ�VLQFH�������&$/,362��DORQJ�ZLWK�&ORXG6DW�
provide aerosol and cloud data from space. In 2008, the “Caribbean Validation Mission” used data from 
WKH�+LJK�6SHFWUDO�5HVROXWLRQ�/LGDU��+65/��Á\LQJ�RQ�WKH�/D5&�%�����WR�YHULI\�WKH�HIIHFWLYHQHVV�RI �QHZ�
daytime calibration algorithms being applied to data from the CALIOP lidar on the CALIPSO satellite. 
,Q�������D�VHULHV�RI �ÁLJKWV�RI �WKH�+65/�RQ�WKH�/D5&�%�����ZDV�ÁRZQ�WR�YHULI\�WKDW�WKH�FDOLEUDWLRQ�RI �
the CALIOP lidar on CALIPSO before and after a laser transmitter switch was made. The data from 
WKH�+65/�ÁLJKWV�SURYHG�FRQFOXVLYHO\�WKDW�WKH�FDOLEUDWLRQ�RI �WKH�VDWHOOLWH�LQVWUXPHQW�ZDV�QRW�DIIHFWHG�E\�
the change in lasers. In 2011, HSRL participated in MACPEX, and in 2012, a new version of  the HSRL, 
along with the Research Scanning Polarimeter (RSP), returned to the Caribbean for more CALIOP cal/
YDO�PHDVXUHPHQWV��$FWLYLWLHV�GXULQJ�WKH�ÀUVW�HYHU�FRPELQHG�VKLS�DLUFUDIW�6$%25�PLVVLRQ�DOVR�VXSSRUWHG�
CALIPSO cal/val. Similar combined activities are planned.

0DQ\�RWKHU�$63�ÁLJKW�H[SHULPHQWV�VXSSRUW�VDWHOOLWHV�LQ�WKH�$�7UDLQ��LQFOXGLQJ�$48$��$85$��7(55$�
DQG�*30��7KH�$WPRVSKHULF�&RPSRVLWLRQ�DQG�&KHPLVWU\�IRFXV�DUHD�XVHV�ÀHOG�GDWD�WR�FRPSOHPHQW�
composition measurements from space, while the Weather focus area relies on measurements in severe 
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Figure 4. $LUERUQH�ÀLJKW�KRXUV�LQ�VXSSRUW�RI�'HFDGDO�6XUYH\�PLVVLRQ�SUHSDUDWLRQV��
�6HOI�UHSRUWHG�E\�SULQFLSOH�LQYHVWLJDWRUV��

storms to complement wind and precipitation observations. In support of  ASTER and MODIS imaging 
SURGXFWV��WKH�0$67(5�DQG�0$6�LQVWUXPHQWV��Á\LQJ�RQ�WKH�(5���DQG�RWKHU�DLUFUDIW��DFW�DV�VDWHOOLWH�VLP-
XODWRUV�IRU�QXPHURXV�WHUUHVWULDO�HFRORJ\��ÀUH�DQG�ODQG�XVH���ODQG�FKDQJH�VWXGLHV��

5HFRPPHQGDWLRQV�IURP�WKH�1DWLRQDO�5HVHDUFK�&RXQFLO·V������'HFDGDO�6XUYH\��GULYH�PXFK�RI �WKH�
FXUUHQW�UHTXLUHPHQWV�QRW�RQO\�IRU�$LUERUQH�6FLHQFH��EXW�DOVR�IRU�WKH�(DUWK�6FLHQFH�7HFKQRORJ\�2IÀFH�
(ESTO) programs. (http://esto.nasa.gov).  A recent hour-tally of  support from ASP to Decadal Survey 
PLVVLRQV�LV�VKRZQ�LQ�)LJXUH������7KHVH�DUH�VHOI�UHSRUWHG�LQGLFDWLRQV�IURP�WKH�3ULQFLSOH�,QYHVWLJDWRUV��DV�
WR�ZKLFK�PLVVLRQV�WKHLU�VFLHQFH�VXSSRUWV��7KH�60$3�PLVVLRQ��ODXQFKHG�LQ�-DQXDU\�������LV�WKH�ÀUVW�RI �
WKHVH�PLVVLRQV�WR�EHFRPH�RSHUDWLRQDO��$�QHZ�'HFDGDO�6XUYH\�LV�H[SHFWHG�LQ�������([SHFWDWLRQV�IRU�$63�
VXSSRUW�LQ�WKH�QHZ�PLVVLRQV�LV�GLVFXVVHG�LQ�6HFWLRQ�����RI �WKLV�UHSRUW�

115&�'HFDGDO�6XUYH\��³(DUWK�6FLHQFH�DQG�$SSOLFDWLRQV�IURP�6SDFH��1DWLRQDO�,PSHUDWLYHV�IRU�WKH�1H[W�'HFDGH�
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Figure 5. (DUWK�6FLHQFH�6SDFHFUDIW�0LVVLRQV�

)LJXUH���VKRZV�WKH�FXUUHQW�1$6$�VDWHOOLWH�PLVVLRQ�SRUWIROLR��7KH�IROORZLQJ�IRXU�WDEOHV�LQGLFDWH�KRZ�WKH�
Airborne Science Program supports these missions throughout satellite mission lifecycles. 

Table 4. Airborne Science support for NASA Earth Science Space Missions in 
Extended Operations 

Mission

Aura

Calipso / Cloudsat

Aqua / Terra

MLS, HIRDLS,
OMI, TES

CALIOP, IIR, 
WFC, CPR

MODIS, AMSR-E, 
ASTER, MISR,

CERES

ASMLS; Discover-
AQ, KORUS-AQ

packages

HSRL, HSRL-2,
AMPR, CRS, CPL

MAS, eMAS,
MASTER, AVIRIS

Data product 
validation

Cal/val

Data product 
validation

ER-2, P-3, DC-8

B-200, UC-12, 
ER-2

ER-2, Twin Otter

AircraftSatellite
Instruments

Supporting/
related aircraft

instruments

Airborne Science
supporting
activities
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Figure 6. 1$6$�(DUWK�6FLHQFH�PLVVLRQV�KLJKOLJKWLQJ�¿YH�ODXQFKHG�UHFHQWO\�IURP�)HEUXDU\������±�
January 2015.

1$6$�(DUWK�6FLHQFH�LV�YHU\�SURXG�WR�KDYH�ODXQFKHG�ÀYH�(DUWK�6FLHQFH�PLVVLRQV�LQ�D�WZHOYH�PRQWK�
SHULRG�IURP�)HEUXDU\������WKURXJK�-DQXDU\�������DV�VKRZQ�LQ�)LJXUH����7KHVH��DORQJ�ZLWK�VHYHUDO�RWKHU�
DFWLYH�SULPDU\�PLVVLRQV��DUH�DOVR�VXSSRUWHG�E\�$63�LQ�YDULRXV�ZD\V��DV�OLVWHG�LQ�7DEOH���
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Table 5. Airborne Science support for NASA Earth Science Space Missions with 
Primary Operations (active missions)

Table 6. Airborne Science support for Missions in Implementation phase: 
near-term launches

$TXDULXV�PLVVLRQ�HQGHG�LQ�-XQH�����

Mission /
launch date AircraftSatellite

Instruments
Supporting/

related aircraft
instruments

Airborne Science
supporting
activities

ICESat-2
(2018)

GRACE-FO
(2017)

CYGNSS (2016) = 
8 microsatellites
(Ocean surface

winds)

LIS (ISS) 
(2016)

SAGE-III (ISS)
(2016)

Laser altimeter

Advanced laser 
range-finding 
interferometer

Delay Doppler 
Mapping

Instrument

Lightning monitor

Solar occultation
instruments;

measures ozone

Gap-filling field
mission; Algorithm

development,
 

Operation
IceBridge

Field data

Demonstration

Instrument test

P-3, DC-8, ER-2,
B-200, G-III, GH

P-3

WB-57

Falcon

B-200, ER-2

OIB, MABEL,
GLISTIN

Laser altimeter

HDSS

Prototype LIS

HSRL-2

Mission

Aquarius*

GPM

OCO-2

Suomi-NPP

Landsat-8

SMAP

Rapid-SCAT (ISS)

CATS (ISS)

Radiometers, 
scatterometer

Microwave Imager,
Doppler Precipitation

Radar (DPR)

NIR 
spectrometer

VIIRS, CrIS,
ATMS, OMPS

Spectrometer

L-band radar, 
L-band radiometer

Scatterometer

Lidar

Radiometers,
AESMIR, SLAP

AMPR, COSMIR,
HIWRAP

Picarro CO2/CH4

NAST, S-HIS,
eMAS, MASTER,

AVIRIS

AVIRIS,
AVIRIS-ng, LVIS,
UAVSAR, G-LiHT

UAVSAR,
PALS, SLAP

Wind radar

CPL

P-3, B-200

ER-2, DC-8,
Citation

Alphajet,
SIERRA

P-3, Twin Otter,
ER-2

ER-2, G-III,
Twin Otter,
DC-8, P-3
G-III, P-3,

B-200

TBD

ER-2

AircraftSatellite
Instruments

Supporting/
related aircraft

instruments

Airborne Science
supporting
activities

Data product validation

Instrument calibration &
Data product validation

Instrument calibration &
Data product validation

Instrument calibration &
Data product validation

Instrument calibration &
Data product validation

Instrument calibration &
Data product validation

TBD

Instrument calibration &
Data product validation
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Table 7. Airborne Science support for Missions in Formulation

A relatively new platform for Earth Science missions is the International Space Station (ISS).  As noted in 
)LJXUH���DQG�VKRZQ�LQ�7DEOHV����EHORZ��DQG���RQ�SDJH�����6RPH�RI �WKH�QHZ�DQG�XSFRPLQJ�PLVVLRQV�DUH�
GHVWLQHG�IRU�WKH�,QWHUQDWLRQDO�6SDFH�6WDWLRQ��$OUHDG\�WKH�&DO:DWHU��PLVVLRQ�Á\LQJ�&3/�RQ�WKH�(5���KDV�
supported cal/val of  the Cloud Aerosol Transport System (CATS). Additional instrument development 
and cal/val activity is likely.

Figure 7. (DUWK�6FLHQFH�DFWLYLWLHV�IURP�WKH�,QWHUQDWLRQDO�6SDFH�6WDWLRQ�

Mission /
launch date AircraftSatellite

Instruments
Supporting/

related aircraft
instruments

Airborne Science
supporting
activities

NISAR (2021)

PACE (2022)

SWOT (2020)

TEMPO (2018)

InSAR, Lidar
Ocean Color

Instument (OCI)

Ka-band radar,
C-band radar

geostationary
ultraviolet visible

spectrometer

High resolution
multispectral

thermal imaging
spectrometer

Lidar

UAVSAR

OCI simulator, 
PRISM, HSRL

AirSWOT,
KaSPAR, HAMSR

GEO-TASO,
GCAS

HYTES

G-LiHT

Algorithm development, 
Instrument calibration &
Data product validation
Algorithm development
Instrument calibration &
Data product validation
Algorithm development,
Instrument calibration &
Data product validation

Instrument calibration &
Data product validation

Algorithm development,
Instrument calibration &
Data product validation

Algorithm
development

G-III

Twin Otter,
B-200, ER-2

B-200

Falcon, UC-12

Twin Otter,
ER-2

Small plane

ECOSTRESS
(ISS) (2020)

GEDI (ISS) (2020)
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Active support for upcoming missions includes HyspIRI prep, which is adding a third year in 2016 for 
volcano and tropical imaging. AirSWOT is in active science data collection at multiple locations prepar-
ing for SWOT.

Preparation for the ASCENDS mission is focused on understanding the characteristics of  several candi-
GDWH�&2��VHQVRUV��$�VHULHV�RI �H[SHULPHQWV�RQ�ERDUG�WKH�'&���KDYH�FDUULHG�WKUHH�GLIIHUHQW�LQVWUXPHQWV�
RYHU�FDOLEUDWHG�VLWHV�WR�DVVHVV�SHUIRUPDQFH��,Q�������WKHVH�LQVWUXPHQWV�DOVR�XQGHU�ÁHZ�2&2���WR�FROOHFW�
FRPSDUDWLYH�GDWD��)XWXUH�ÁLJKWV�LQ������DQG�EH\RQG�DUH�DOVR�SODQQHG�WR�XQGHUVWDQG�V\VWHPDWLF�HUURUV�RI �
WKH�YDULRXV�PHDVXUHPHQW�DSSURDFKHV��,Q�������D�ÁLJKW�FDUU\LQJ�ERWK�DFWLYH�DQG�SDVVLYH�VHQVRUV�LV�XQGHU�
discussion.

Table 8. $LUERUQH�6FLHQFH�VXSSRUW�IRU�0LVVLRQV�LQ�'HÀQLWLRQ�

9LX\PYLTLU[Z�YLSH[LK�[V�,HY[O�:JPLUJL�MVJ\Z�HYLHZ�ÄLSK�HUK�WYVJLZZ�
Z[\KPLZ��PUJS\KPUN�,HY[O�=LU[\YL�:\IVYIP[HS�TPZZPVUZ
Most of  the requirements outlined in this section of  the report are cited from the Flight Request system 
VXPPDU\�RI �FXUUHQW�PLVVLRQV�DQG�LOOXVWUDWHG�LQ�WKH�$63���\HDU�SODQ���KWWS���DLUERUQHVFLHQFH�QDVD�JRY�
VRIUV���5HIHUULQJ�WR�WKH���\HDU�SODQ�LQ�WKH�$SSHQGL[��XSFRPLQJ�SURFHVV�VWXGLHV�DUH�VXPPDUL]HG�LQ�7DEOH�
9 below. Plans for upcoming EVS-2 missions are described later in this section.

Mission /
launch date AircraftSatellite

Instruments
Supporting/

related aircraft
instruments

Airborne Science
supporting
activities

HyspIRI

ASCENDS

GEO-CAPE

ACE

OCO-3 (ISS)

VIS-IR imaging
spectrometer

CO2 Lidar

Hyperspectral
imagers

Polarimeter, Lidar,
cloud radar

Three high
resolution grating
spectrometers 

(measures CO2)

Algorithm development, 
Instrument calibration &
Data product validation

Instrument
development

Instrument
development,algorithm

development

Instrument 
flight test, algorithm

development

Instrument calibration &
Data product validation

ER-2,
Twin Otter

DC-8, B-200,
Twin Otter

Falcon,
Twin Otter,

ER-2, WB-57

ER-2, P-3,
B-200

Falcon, GH,
AlphaJet

AVIRIS, MASTER,
AVIRIS-ng, HyTES

CO2 lasers

GEO-TASO,
Pan-FTS, PRISM

Polarimeters,
HSRL-2, EXRAD

CO2 laser
systems, such as

CarbonHawk
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Mission Aircraft
InstrumentationObjective Location Date Aircraft

Operation
IceBridge

KORUS-AQ

Arctic and Antarctic
data continuity

Air pollution
monitoring

Boreal land
composition changes

Snow cover extent

Coastal impacts
of climate change

Land cover 
change / agriculture

Atmospheric
Composition Ex

Major ocean study

2015, 2016,
2017, 2018

2016

2017 - 2019

2016 - 2018

TBD

TBD

2019

>2020

Multiple,
See notes

Similar to
DISCOVER-AQ

package for
air pollution

CARVE-like
package

SLAP

Imagery, aerosols
(like SABOR); 

PRISM

AVIRIS, 
MASTER
UAVSAR

Full radiation
package

Complement ship
and satellite

measurement

Greenland, 
Alaska,

Antarctica

Korean
peninsula

Alaska

US, Canada

Alaska

India

Philippines

Southern
Ocean

ABoVE

Arctic
COLORS

South Asia
LCLUC

CAMPex

EXPORTS

P-3, DC-8, ER-2, G-III, 
C-130, B-200, Falcon

DC-8

Low-latitude, 
medium-lift, TBD by 
solicitation
Medium altitude,
medium payload 
Low-to-mid altitude 
with moderate payload; 
UAS desired for river / 
coastal measurements

ER-2, G-III

P-3

TBD

SnowEx

Table 9. Upcoming Field Campaigns 

In addition to Earth Venture missions described later in this section, several near-term missions dom-
LQDWH�WKH�$63�VFKHGXOH�IRU�ÀHOG�FDPSDLJQV��7KHVH�LQFOXGH�WKH�FRQWLQXDWLRQ�RI �2SHUDWLRQ�,FH%ULGJH��
.2586�$4��DQG�$%R9(�

Operation Ice Bridge (OIB), also known as IceBridge

$LUFUDIW�DUH�SURYLGLQJ�D�FULWLFDOO\�LPSRUWDQW�GDWD�JDS�ÀOOHU�IRU�ODVHU�DOWLPHWHU�PHDVXUHPHQWV�DW�WKH�SROHV�

between ICESat which ended in 2009, and ICESat-2 scheduled for launch in 2018. The multi-year 

2SHUDWLRQ�,FH�%ULGJH�LV�WKH�ODUJHVW�DLUERUQH�VXUYH\�RI �(DUWK·V�SRODU�LFH�HYHU�ÁRZQ�DQG�LV�\LHOGLQJ�D���'�

YLHZ�RI �WKH�$UFWLF�DQG�$QWDUFWLF�LFH�VKHHWV��LFH�VKHOYHV�DQG�VHD�LFH��,FH%ULGJH�LV�XVLQJ�PXOWLSOH�LQVWUX-

ments and aircraft platforms to map Arctic and Antarctic areas once each year. The workhorse aircraft 

IRU�2,%�KDYH�EHHQ�1$6$·V�3���DQG�'&���DLUFUDIW��EXW�RWKHU�SODWIRUPV�KDYH�SDUWLFLSDWHG�DV�ZHOO��

LQFOXGLQJ�*�,,,��6LQJOH�2WWHU��DQG�(5���DQG�&������(YHQ�DV�2,%�FRQWLQXHV��VHSDUDWH�ÁLJKWV�RI �WKH�

,&(6DW���VLPXODWRU�LQVWUXPHQW�²�0$%(/�²�DUH�EHLQJ�FDUULHG�RXW�RQ�RWKHU�DLUFUDIW��LQFOXGLQJ�(5�

���3URWHXV��DQG�%������7KH�6,03/�LQVWUXPHQW�KDV�DOVR�ÁRZQ�RQ�D�%�����WR�PDNH�PHDVXUHPHQWV�LQ�

VXSSSRUW�RI �,&(6DW���DOJRULWKP�GHYHORSPHQW��7KH�XSFRPLQJ�VFKHGXOH�IRU�2,%�LV�VKRZQ�LQ�)LJXUH���
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Figure 8. $LUERUQH�VXSSRUW�IRU�&U\RVSKHULF�6FLHQFH�LV�SULPDULO\�IRU�,FH%ULGJH

Figure 9. 5HSUHVHQWDWLYH�ÀLJKW�OLQHV�RYHU�WKH�6RXWK�.RUHDQ�SHQLQVXOD��/RZ�DOWLWXGH�ÀLJKW�
WR�VDPSOH�VXUIDFH�SROOXWLRQ��OHIW���DQG�KLJKHU�DOWLWXGH�VXUYH\�ÀLJKW�OLQHV��ULJKW���

KORUS-AQ: An International Cooperative Air Quality Field Study in Korea

KORUS-AQ offers the opportunity to advance NASA goals and those of  its international partners related to 
DLU�TXDOLW\�WKURXJK�D�WDUJHWHG�ÀHOG�VWXG\�IRFXVHG�RQ�WKH�6RXWK�.RUHDQ�SHQLQVXOD�DQG�VXUURXQGLQJ�ZDWHUV��7KH�
VWXG\��SODQQHG�IRU�WKH�$SULO�-XQH������WLPHIUDPH�ZRXOG�LQWHJUDWH�REVHUYDWLRQV�IURP�DLUFUDIW��JURXQG�VLWHV��
and satellites with air quality models to understand the factors controlling air quality across urban, rural, and 
FRDVWDO�LQWHUIDFHV��)RU�WKLV�ÀHOG�VWXG\��WKH�1$6$�'&���ZDV�VHOHFWHG�GXH�WR�WKH�QHHG�IRU�D�FRPSOH[�SD\ORDG�DQG�
VSDFH�IRU�FROODERUDWLQJ�.RUHDQ�VFLHQWLVWV��7KH�FRPSOHPHQWDU\�RFHDQ�FRORU�PLVVLRQ��.2586�2&��ZLOO�Á\�WKH�
*(2�7$62�LQVWUXPHQW�RQ�D�%�����DLUFUDIW��1RWH�WKDW�PLVVLRQV�LQ�IRUHLJQ�DLUVSDFH�RIWHQ�UHTXLUH�WKH�SUHVHQFH�
of  local nationals.

*SPTH[L�=HYPHIPSP[`�HUK�*OHUNL�*Y`VZWOLYPJ�:JPLUJL
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ABoVE: The Arctic-Boreal Vulnerability Experiment

TKH�IRFXV�RI �WKH�$UFWLF�%RUHDO�9XOQHUDELOLW\�([SHULPHQW��$%R9(��ÀHOG�FDPSDLJQ�LV�D�ODUJH�VFDOH�VWXG\�RI �
ecosystem responses to environmental change in western North America’s Arctic and boreal region and the 
implications for social-ecological systems. The study region is shown in Figure 10.  The aircraft mission sched-
XOH�LV�LQGLFDWHG�LQ�)LJXUH�����EDVHG�RQ�WKH������$%R9(�VWXG\�SDSHU���7KH�DLUFUDIW�DUH�\HW�WR�EH�GHWHUPLQHG��EXW�
D�SD\ORDG�VLPLODU�WR�WKDW�XVHG�LQ�WKH�(9���PLVVLRQ�&$59(�LV�H[SHFWHG��7KH�6KHUSD�KDV�EHHQ�KHOG�DV�D�SODFH-
KROGHU�DLUFUDIW�IRU�$%R9(��LQGLFDWLQJ�WKDW�D�ORZ�DOWLWXGH��PHGLXP�OLIW�SODWIRUP�LV�UHTXLUHG�

Figure 10. $%R9(�6WXG\�$UHD��
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Figure 11. 7LPHOLQH�IRU�$%R9(�5HVHDUFK�$FWLYLWLHV��1RWH�WKH�$LUERUQH�
DFWLYLWLHV�LQ�\HDUV�������DQG����FRUUHVSRQGLQJ�WR�������������DQG������

Figure 12. $UFWLF�&2/256�VWXG\�DUHD�

6RPH�DGGLWLRQDO�FRQFHSW�PLVVLRQV�XVLQJ�DLUFUDIW�DUH�LQ�YDULRXV�VWDWHV�RI �GHÀQLWLRQ�
� �� $UFWLF �&2/256��$UFWLF�²�&RDVWDO�/DQG�2FHDQ�,QWHUDFWLRQV�
� �� (;32576��(;SRUW�3URFHVVHV�LQ�WKH�2FHDQ�IURP�5HPR7H�6HQVLQJ�
� �� &$03([��&ORXG�$HURVRO�0RQVRRQ�3KLOLSSLQHV�([SHULPHQW�
� �� $WPRVSKHULF�FKHPLVWU\�LQ�VXSSRUW�RI �*(2�&$3(
� �� 6QRZ([�FDPSDLJQ��OLNH�&/3;�
� �� &ORXG�VWXGLHV��*30�UHODWHG��

7KH�PRVW�ZHOO�GHÀQHG�DW�WKLV�ZULWLQJ�LV�
Arctic-COLORS which is being designed to 
observe ocean color and correlated sea-life 
health at the mouths of  major rivers in Alaska. 
A map of  the study area is shown in Figure 
12. The aircraft for this mission are still to be 
determined, but the science team has indicated 
that both manned and unmanned aircraft 
are anticipated. 

Phase I
Ecosystem Dynamics

Objectives Focus

Research Activity Focus (4.2)
Field Based Research (4.2.1)

Collection of field observations
Synthesis, integration and scaling of field-based research

Societal Drivers and Responses Research (4.2.2)
Societal consequences and responses to change
Decision support product development

Remote Sensing Research (4.2.3)
Airborne data collection
Data product development - Ecosystems Dynamics
Data product development - Ecosystems Services

Modeling Research (4.2.4)
Initial benchmarking with existing data
Refinement & assessment with ABoVE data
Integrated modeling - diagnosis and prediction

Integration & Scaling Research (4.2.5)

Intensive Activities
Less Intensive Activities

Integration of existing data and identification of gaps
Integration of social-ecological research
Integration and scaling of ABoVE research

Phase II
Ecosystem Services

Objectives Focus

Phase III
Analysis and

Synthesis Focus
Yr1    Yr2   Yr3 Yr4    Yr5   Yr6 Yr7    Yr8   Yr9

Intensive Study Period
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,HY[O�=LU[\YL���:\IVYIP[HS
The Earth Venture SuborbLWDO�0LVVLRQV�KDYH�UHTXLUHG��DQG�ZLOO�FRQWLQXH�WR�UHTXLUH�KXQGUHGV�RI �ÁLJKW�KRXUV�RQ�
WKH�$63�DLUFUDIW�HDFK�\HDU��(9���PLVVLRQV�DUH�FRQFOXGLQJ�LQ�������DV�VKRZQ�LQ�7DEOH����

,HY[O�=LU[\YL�:\IVYIP[HS�¶����,=:���
SL[�QHZ�(DUWK�9HQWXUH�²�6XERUELWDO�PLVVLRQV�ZHUH�DZDUGHG�LQ������ZLWK�ÁLJKW�VXSSRUW�UHTXLUHG�WKURXJK�
�������7KH�PLVVLRQV�DUH�GHVFULEHG�EULHÁ\�EHORZ�ZLWK�D�VXPPDU\�RI �DLUFUDIW�UHTXLUHPHQWV�OLVWHG�LQ�7DEOH������
$�SUHOLPLQDU\�VFKHGXOH�RI �DLUFUDIW�UHODWHG�DFWLYLWLHV�LV�VKRZQ�LQ�)LJXUH�����7KH�PDS�LQ�)LJXUH����VKRZV�WKH�
broad reach of  these missions.

7DEOH�����(9���ÀLJKWV��VXSSRUWLQJ�DLUFUDIW��DQG�VWDWXV

Atmospheric Tomography Experiment (Atom) – Harvard University 
(Steve Wofsy)
This investigation will study the impact of  human-produced air pollution on 
certain greenhouse gases. Airborne instruments will look at how atmospheric 
chemistry is transformed by air pollutants and at the impact of  methane and 
R]RQH��ZKLFK�DIIHFW�FOLPDWH��)OLJKWV�RI �1$6$·V�'&���ZLOO�RULJLQDWH�LQ�3DOPGDOH��
&DOLIRUQLD��Á\�QRUWK�WR�WKH�ZHVWHUQ�DUFWLF��VRXWK�WR�WKH�6RXWK�3DFLÀF��HDVW�WR�WKH�
Atlantic, north to Greenland, and return to California across North America.

North Atlantic Aerosols and Marine Ecosystems Study 
(NAAMES) – Oregon State University (Mike Behrenfeld)
This investigation will improve predictions of  how ocean ecosystems would 
change with ocean warming. The mission will study the annual like cycle of  
phytoplankton and the impact small airborne particles derived from marine 
organisms have on climate in the North Atlantic. The large annual phytoplankton 
EORRP�LQ�WKLV�UHJLRQ�PD\�LQÁXHQFH�WKH�(DUWK·V�HQHUJ\�EXGJHW��5HVHDUFK�ÁLJKWV�RQ�
NASA’s C-130 aircraft will be coordinated with a (UNOLS) research vessel.

Mission Year Aircraft

ATTREX / CAST

HS3

DISCOVER-AQ

CARVE

AirMOSS

Concluded in 2015

Concluded in 2014

Concluded in 2014

Concludes in 2015

Concludes in 2015

Global Hawk

Global Hawk

P-3, B-200, Falcon

Twin Otter, Sherpa

G-III
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Atmospheric Carbon and Transport (ACT)-America – Penn State University 
(Kenneth Davis)
TKLV�LQYHVWLJDWLRQ�ZLOO�TXDQWLI\�WKH�VRXUFHV�RI �UHJLRQDO�FDUERQ�GLR[LGH��PHWKDQH�
and other gases, and document how weather systems transport these gases in the 
DWPRVSKHUH��7KH�UHVHDUFK�JRDO�LV�WR�LPSURYH�LGHQWLÀFDWLRQ�DQG�SUHGLFWLRQ�RI �FDUERQ�
GLR[LGH�DQG�PHWKDQH�VRXUFHV�DQG�VLQNV�XVLQJ�VSDFHERUQH��DLUERUQH�DQG�JURXQG�
EDVHG�GDWD�RYHU�WKH�HDVWHUQ�8QLWHG�6WDWHV��5HVHDUFK�ÁLJKWV�ZLOO�XVH�1$6$·V�&�����
and UC-12 aircraft.

Observations of Aerosols Above CLouds and their InteractionS 
(ORACLES) – ARC (Jens Redemann)
OUDFOHV�ZLOO�SUREH�KRZ�VPRNH�SDUWLFOHV�IURP�PDVVLYH�EXUQLQJ�LQ�$IULFD�LQÁXHQFH�
cloud cover over the Atlantic. Particles from this seasonal burning that are lofted 
into the mid-troposphere and transported westward over the southeast Atlantic 
interact with permanent stratocumulus “climate radiators,” which are critical to the 
regional and global climate system . NASA aircraft , including the P-3 and ER-2 will 
Á\�WKLV�PLVVLRQ�RXW�RI �:DOYLV�%D\��1DPLELD�

Oceans Melting Greenland (OMG) – JPL (Josh Willis)
The objective of  OMG is to investigate the role of  warmer, saltier Atlantic sub-

surface waters in Greenland glacier melting. The study will help pave the way for 

improved estimates of  future sea level rise by observing changes in glacier melting 

where ice contacts seawater. Measurements of  the ocean bottom, as well as seawa-

ter propertied around Greenland, will be taken from ships and the air using several 

aircraft including both NASA Gulfstream-III platforms.

COral Reef Airborne Laboratory (CORAL) – Bermuda Institute of Ocean 
Science, Inc. (Eric Hochberg)
This investigation will pURYLGH�FULWLFDO�GDWD�DQG�QHZ�PRGHOV�QHHGHG�WR�DQDO\]H�
the status of  coral reefs and to predict their future, especially under scenarios of  
predicted environmental change. CORAL will make high density observations for a 
large sample of  reefs (~8% of  global reef  areas) that occur across a broad range of  
environmental conditions, implemented in 8 campaigns across 10 coral reef  regions 
LQ�WKH�,QGLDQ��3DFLÀF��DQG�$WODQWLF�2FHDQ��&25$/�ZLOO�Á\�35,60��D�QHZ�PXOWLVSHF-
tral imager, on an NSF/NCAR G-V aircraft over a 3-year period.
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7DEOH�����(96���$LUFUDIW�5HTXLUHPHQWV�

,=:���4PZZPVU�3VJH[PVUZ

Figure 14. 
/RFDWLRQV�RI�(96���
0LVVLRQV

ACT-America

ATom

NAAMES

OMG

ORACLES

CORAL

Figure 13. 1RPLQDO�VFKHGXOH�IRU�(96���PLVVLRQV�

Mission Location Dates (see schedule) Aircraft Primary Requirements

Atom

NAAMES

ACT-America

ORACLES

OMG

CORAL

2015 - 2018

2015 - 2018

2015 - 2018

2016, 2017, 2018

2015 - 2020

2015 - 2018

DC-8

C-130

C-130, B-200

P-3, ER-2

G-3, C-20 (G-III)

ER-2, GV

Altitude, range, payload capacity

Range, payload capacity

Altitude, payload capacity

Range, payload capacity, altitude

Combined range and payload 
capacity

Altitude and endurance

Multiple – see map

North Atlantic / Azores

Midwest – Eastern US

Coast of Africa / Namibia

Greenland

Indian and Pacific 
oceans, Caribbean
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6FKHGXOLQJ�WKH�DLUFUDIW�IRU�(96���PLVVLRQV�ZDV�D�FRPSOLFDWHG�H[HUFLVH�EHFDXVH�RI �FRQÁLFWLQJ�QHHGV��7KUHH�RI �
the awarded missions had requested the P-3; C-130s will be used as replacements in two cases to avoid schedule 
FRQÁLFWV��&25$/�ZLOO�Á\�RQ�WKH�16)�1&$5�*XOIVWUHDP�9��DV�LW�EHVW�VXLWHG�WR�WKH�SD\ORDG�DQG�LPDJLQJ�QHHGV�
of  the mission.

Other requirement implications from the EVS-2 proposals suggest the following:

� ��7KHUH�LV�LQFUHDVHG�LQWHUHVW�LQ�SRODU�UHJLRQV��$UFWLF��*UHHQODQG��$ODVND��$QWDUFWLF���

� ��$�FRQWLQXHG�LQWHUHVW�LQ�ZHDWKHU�LQFOXGHV�HVSHFLDOO\�D�GHVLUH�WR�VWXG\�´DWPRVSKHULF�ULYHUVµ�LQ�WKH�VWRUP�V\VWHPV�
� � RII �WKH�QRUWK�HDVW�3DFLÀF�2FHDQ�

� ��0RUH�WKDQ�KDOI �RI �WKH�PLVVLRQ�FRQFHSWV�FDOO�IRU�PXOWLSOH�DLUFUDIW��VRPH�LQ�VWDFNHG�IRUPDWLRQ��VHH�)LJXUH�����

� ��$�ODUJH�IUDFWLRQ�RI �PLVVLRQ�FRQFHSWV�FDOO�IRU�DOWLWXGH�SURÀOHV�GXULQJ�ÁLJKW�

Figure 15. $OWLWXGH�DQG�GXUDWLRQ�RI�DLUERUQH�PLVVLRQ�FRQFHSWV�IRU�(96���
�1RWH�WKH�QXPHURXV�VXJJHVWHG�ÀLJKW�SUR¿OHV��

(S[P[\KL�HUK�+\YH[PVU�VM�(PYIVYUL�TPZZPVU�JVUJLW[Z
�,=:���
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Aircraft requirements for instrument development projects are determined by the observational requirements 
RI �WKH�LQVWUXPHQW�DQG�DUH�XVXDOO\�GLFWDWHG�E\�D�JLYHQ�ÁLJKW�DOWLWXGH��H�J��(5���RU�:%����IRU�KLJK�DOWLWXGH��
RU�WKH�QHHG�WR�KDYH�HQJLQHHUV�VFLHQWLVWV�RQ�ERDUG��:KHQ�SRVVLEOH�LW�LV�DGYDQWDJHRXV�WR�Á\�PXOWLSOH�V\VWHPV�
FROORFDWHG�RQ�WKH�VDPH�ÁLJKW�WR�SURYLGH�FRPSOHPHQWDU\�GDWDVHWV�DQG�FRQGXFW�LQWHUFRPSDULVRQV��LQ�DGGLWLRQ�WR�
UHGXFLQJ�FRVWV��7ZR�H[DPSOHV�RI �WKLV�DUH�WKH�$6&(1'6�OLGDU�LQVWUXPHQW�GHYHORSPHQW�ÁLJKWV�RQ�WKH�'&���DQG�
WKH�/9,6�DQG�8$96$5�Á\LQJ�WRJHWKHU�RQ�WKH�*OREDO�+DZN��$QRWKHU�SRVVLELOLW\�LV�D�IXWXUH�RSSRUWXQLW\�WR�Á\�
HyTES and AVIRIS-ng together on the G-III, if  windows can be appropriately located on the G-III. 

The solicitation schedule for both the Instrument Incubator Program (IIP) and the Airborne Instrument Tech-
nology Transition (AITT) program is shown below and it’s anticipated that these will result in ongoing need for 
high altitude, medium lift as well as medium altitude medium to heavy lift aircraft activities.

Figure 16. 7HFKQRORJ\�'HYHORSPHQW�WHVW�SODQV�

(PYJYHM[�YLX\PYLTLU[Z�YLSH[LK�[V�5(:(�,:+�PUZ[Y\TLU[�KL]LSVWTLU[
TKH�$LUERUQH�6FLHQFH�3URJUDP�VXSSRUWV�WHFKQRORJ\�GHYHORSPHQW��SDUWLFXODUO\�ÁLJKW�WHVW�RI �QHZ�LQVWUXPHQWV�
DQG�REVHUYDWLRQDO�WHFKQLTXHV��PDQ\�RI �ZKLFK�DUH�XOWLPDWHO\�GHVWLQHG�IRU�VSDFH��,QVWUXPHQW�WHVW�ÁLJKWV�FDQ�EH�
scheduled by investigators with support or funding from a variety of  sponsors or agencies. Many are sponsored 
E\�1$6$·V�(DUWK�6FLHQFH�7HFKQRORJ\�2IÀFH��(672��>KWWS���HVWR�QDVD�JRY@��:KLOH�(672�VROLFLWV��DZDUGV��DQG�
manages the technology development projects, investigators work with platform operators to schedule their 
LQVWUXPHQWV�IRU�LQWHJUDWLRQ�DQG�WHVW��1HDU�WHUP�ÁLJKW�WHVW�SODQV��DV�RI ����0DUFK�������DUH�VKRZQ�LQ�)LJXUH�����
6RPH�ZLOO�EH�(672�VXSSRUWHG�DQG�RWKHUV�DUH�SURSRVHG�RU�H[SHFW�WR�EH�VXSSRUWHG�IURP�RWKHU�SURJUDPV�
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Looking Ahead: The Next Decadal Survey
TKH�QH[W�15&�'HFDGDO�6XUYH\�IRU�(DUWK�6FLHQFH�LV�H[SHFWHG�LQ�HDUO\�������3ODQV�DUH�DOUHDG\�XQGHUZD\�IRU�
DFFHSWLQJ�LQSXW�IURP�WKH�VFLHQFH�FRPPXQLW\�DQG�IRUPLQJ�ZRUNLQJ�JURXSV��7KH������UHFRPPHQGDWLRQV�IRU�
satellite missions were ambitious and costs were underestimated. It is likely that some of  the same observations 
and measurements will again be recommended, since many of  the science needs are still pressing. An emphasis 
RQ�FOLPDWH�VKRXOG�EH�H[SHFWHG��JLYHQ�WKDW�WKH�´�����1$6$�5HVSRQVH�WR�&OLPDWH�3ODQµ2�LGHQWLÀHG�QHZ�FOLPDWH�
PHDVXUHPHQWV��HYHQ�EH\RQG�WKRVH�LQ�WKH������GHFDGDO�VXUYH\��$LUERUQH�6FLHQFH�VXSSRUW�ZLOO�VWLOO�EH�QHHGHG��
and possibly with more urgency to cover the time gaps till new missions can be launched. In addition, a new 
emphasis on continuity, as in the Sustained Land Imaging (SLI) initiative3 could be included.

Recent input from the science communities

'XULQJ�ODWH������DQG�HDUO\�������VHYHUDO�(DUWK�6FLHQFH�FRPPXQLWLHV�PHW�WR�EHJLQ�SODQQLQJ�IRU�WKH�QH[W�
Decadal Survey. These activities focused on the primary measurements and observations needed to address the 
most pressing questions in each science area. Presented in this section are summaries of  airborne requirements 
either taken directly or inferred from the reports of  those activities.

Figure 17. 1$6$�(672�VROLFLWDWLRQ�VFKHGXOH�

Solicitation Plan

 2Responding to the Challenge of Climate and Environmental Change: 1$6$¶V�3ODQ�IRU�D�&OLPDWH�&HQWULF���
AUFKLWHFWXUH�IRU�(DUWK�2EVHUYDWLRQV�DQG�$SSOLFDWLRQV�IURP�6SDFH��-XQH�����
 3³SXVWDLQDEOH�/DQG�,PDJLQJ�$UFKLWHFWXUH�6WXG\”��-��0��1HOVRQ��'��7��-HQVWURP��3HFRUD�&RQIHUHQFH��'HQYHU�
������1RY������
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Notes on Stratospheric Composition (SC) 

Meeting the SC science goals requires measurement of  an array of  coupled tracers, chemically reactive inter-
mediates, and radicals. These observations can be obtained by a synergistic deployment of  orbital, sub-orbit-
al measurement platforms, and ground-based remote sensing observations. 

7R�GHWHFW�WUHQGV�LQ�FOLPDWH�UHOHYDQW�VWUDWRVSKHULF�R]RQH��ZDWHU��DHURVROV��DQG�WHPSHUDWXUH��LW�LV�FULWLFDO�WKDW�
REVHUYDWLRQV�RI �SURÀOHV�RI �WKHVH�VSHFLHV�FRQWLQXH�ZLWK�DW�OHDVW�FXUUHQW�VSDWLDO�DQG�WHPSRUDO�UHVROXWLRQV�

7DEOH�����6XJJHVWHG�DLUERUQH�DFWLYLWLHV�IRU�$WPRVSKHULF�&RPSRVLWLRQ�DQG�
&KHPLVWU\�LQ�XSFRPLQJ�'HFDGH

Atmospheric Composition and Chemistry (based on 2014 workshop at ARC)

�´7KH�UHVHDUFK�FRPPXQLW\�QHHGV�D�FRPELQDWLRQ�RI �UHPRWH�VHQVLQJ�DQG�LQ�VLWX��DLUFUDIW��REVHUYDWLRQV�LQWHJUDWLQJ�
���FORXG�G\QDPLFV��PLFURSK\VLFV��DQG�FKHPLFDO�SURSHUWLHV�µ

Clouds

Mission Description Features

Aerosol-Cloud-Precipitation
Interaction

Aerosols

Atmospheric Radiation

Vertical distributions

SNOW observations

Multi-aircraft: 1 for in situ and 1 for remote 
sensing; includes LIDAR and Doppler Radar

Multi-aircraft, plus ground measurements

From top-of-the-atmosphere = high altitude

Payload to include far-infrared instrumentation

SNOW cal/val

Local and column optical depth 

Satellite observations plus aircraft 
observations / measurements at high latitude 
and over oceans

IceBridge-like (systematic, 
routine flights)

7DEOH�����6XJJHVWHG�DLUERUQH�DFWLYLWLHV�IRU�&ORXGV��$HURVROV�DQG�$WPRVSKHULF�
5DGLDWLRQ�IRU�XSFRPLQJ�'HFDGH

Mission Description Features

Tropospheric Chemistry

Lightning contributions to 
tropospheric chemistry

Stratospheric Composition

SEAC4RS – like, plus NH3

Halogens and radicals in 
the troposphere 

Simultaneous chemistry from aircraft 
and lightning measurements from ground

SEAC4RS-like, plus LIDAR

Multi-aircraft to measure convection, gases, 
aerosols and clouds

In the stratosphere = high altitude; multiple 
measurements = large payload capacity

Combined aircraft and satellite

SEAC4RS-like In tropics

Strat-trop exchange

In situ measurements including 
temperature

Profiles through the tropopause

Synergistic campaign Aircraft, ground and satellite

Same Simultaneous with satellite measurements

Same Night flights and measurements
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Terrestrial Ecosystem, Carbon Cycle, Landcover/Landuse Change, Biodiversity (TECLUB) 
Decadal Planning 

�EDVHG�RQ������PHHWLQJ�UHVXOWLQJ�LQ�D������ZKLWH�SDSHU��DQG�QRWHV�IURP�$SULO������&&(�MRLQW�VFLHQFH�PHHWLQJ�

7(&/8%�PHDVXUHPHQW�QHHGV�LGHQWLÀHG�IRU�WKH�QH[W�GHFDGH�ZLOO�UHTXLUH�PDLQWDLQLQJ�OHJDF\�FDSDELOLWLHV�LQ�RUGHU�
WR�H[WHQG�WKH�PXOWL�GHFDGH����P�UHVROXWLRQ�GDWD�UHFRUGV�ZHOO�LQWR�WKH�IXWXUH��EXW�DOVR�ZLOO�UHTXLUH�DQ�LQFUHDVH�LQ�
satellite overpass frequencies from ~bi-monthly to sub-weekly to ensure cloud-free data every week over the 
global land surface.

The traditional two-dimensional data records will need to be augmented with measurements of  vegetation’s 
vertical dimension, crucial to complete the picture of  vegetation structure and its interaction with the environ-
ment.

Another dimension, simultaneous multi-angle, hyperspectral global observations, will also be needed to quantify 
photosynthetic rates and vegetation condition. Vegetation receives illumination from the entire upper hemi-

7DEOH�����6XJJHVWHG�DLUERUQH�DFWLYLWLHV�IRU�$WPRVSKHULF�'\QDPLFV�IRU�XSFRPLQJ�
'HFDGH

Atmospheric Dynamics

Mission Description Features

Lightning

Convection / Outflow

Stratiform region

Lightning, its production of NOx, the 
effects on ozone, and connections to 
storm parameters

Aircraft carrying NO, NO2; Doppler and 
polarimetric radar, plus lightning monitor

SEAC4RS-like, DC-3-like

SEAC4RS-like; diurnal With full diurnal cycle

SEAC4RS-likeP lus ground-based Doppler radar

Multiple aircraft; SEAC4RS payloads, plus 
Radar; at cloud tops

Multiple aircraft measuring simultaneously 
at various altitudes; mid-latitudes and tropicsComparisons with convective regions

� ��0DQ\�RI �WKH�FORXG�W\SHV�DVVRFLDWHG�ZLWK�WKH�FORXG�VFLHQFH�TXHVWLRQV�DUH�RSWLFDOO\�WKLFN�LQ�WKH�WUDGLWLRQDO�YLVLEOH�DQG�� �
� � LQIUDUHG�REVHUYLQJ�EDQGV��7KHVH�FORXGV�WHQG�WR�EH�RSWLFDOO\�WKLQ�LQ�WKH�PLFURZDYH�DQG�VXEPLOOLPHWHU�ZDYHOHQJWKV�� �
� � EDQGV��7KHUHIRUH��SDVVLYH�DQG�DFWLYH��LQFOXGLQJ�'RSSOHU��PHDVXUHPHQWV�LQ�WKH�PLFURZDYH�DQG�VXEPLOOLPHWHU�ZDYH� �
� � OHQJWKV�DUH�IXQGDPHQWDOO\�LPSRUWDQW��

� �� 2SWLFDO�OLGDU��LQFOXGLQJ�KLJK�VSHFWUDO�UHVROXWLRQ��+65/��WHFKQRORJ\��LV�FULWLFDOO\�LPSRUWDQW�WR�FKDUDFWHUL]LQJ�WKH�� �
� � DHURVRO�FRQFHQWUDWLRQV�DQG�FRPSRVLWLRQ�DQG�WKH�SURSHUWLHV�RI �WKLQ�LFH�FORXGV��

� �� In Situ measurements are fundamental. In particular, in situ aircraft !ying in tandem with   
  remote sensing aircraft is a powerful combination and highly synergistic. 



UPDATE ON NASA AIRBORNE SCIENCE PROGRAM (ASP) REQUIREMENTS  I  2015

32

7DEOH�����6XJJHVWHG�DLUERUQH�DFWLYLWLHV�IRU�7(&/8%�IRU�XSFRPLQJ�'HFDGH

Mid-latitude Carbon fluxes from power plants

Mission Description Features

GHG / carbon 
concentration and flux

GHG / carbon 
concentration and flux

Land cover Land 
use change

Vegetation

Regional atmospheric data: 
carbon concentrations 

Manned aircraft or UAS in tropics, arctic, 
boreal / temperate forests

3-dimensional structure, 
especially vertical structure Requires Lidar + inSAR + Radar

Airborne data for cal/val of soil 
processes and hydrology SMAP cal/val

Multiple scales Airborne combined with field data for 
multiple scales

Vegetation function Airborne imaging spectroscopy, especially as 
simulator for satellite measurements

Missing data / under-sampled 
and vulnerable regions

-Land-ocean interface
-Coastal wetlands
-Tree line
-Ecotones (An ecotone is a transition area 
  between two biomes.)

Terrestrial / ocean concentration Amazonia, High latitudes, oceans

Full vertical carbon cycle Ground-air-satellite synergies

Deforestation Measure changes in albedo

Model improvements Species measurements combined with climate 
and weather measurements

“High density”measurements 
at the boundary later

“High density” = high resolution, frequent return; 
in situ and remote sensing

Urban areas; targeted under-
sampled areas

Airborne Lidar, combined with high resolution 
optical satellite data

Seasonal observations of 
vegetation in urban areas

Airborne Lidar, combined with high resolution 
optical satellite data

The top priority for regional data that can be acquired suborbitally are accurate, 
dense atmospheric carbon concentration measurements over key regions, 

particularly the tropics and the arctic.

&RPPHQW�� $́LUFUDIW�EDVHG�LQ�VLWX�*+*�FRQFHQWUDWLRQ�DQG�ÁX[�QHWZRUNV�0867�EH�PDLQWDLQHG�µ

sphere under a wide range of  illumination angles. A near instantaneous, multi-angle multi-spectral view 
of  vegetation will be essential to quantify highly variable photosynthesis rates.
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;LSLTL[Y`�HUK�4PZZPVU�;VVSZ�9LX\PYLTLU[Z��
The Airborne Science Program is more than aircraft – today’s missions require high speed onboard data 
networks, satellite communications, and internet-based software interfaces for mission scientists. It is 
LPSRUWDQW�LQ�SODQQLQJ�DQG�FDUU\LQJ�RXW�WKH�VFLHQFH�PLVVLRQV�WR�PDNH�XVH�RI �DGYDQFHG�ÁLJKW�SODQQLQJ�
and tracking tools, real-time data access and processing, and on-board navigation and inertial position 
monitoring. This requires real-time telemetry of  data from both the aircraft and the science instruments.  
The telemetry and facility instruments available within the Airborne Science Program are described in 
$SSHQGL[�$��

In addition, scientists on the ground need situational awareness with regard to weather conditions and 
RWKHU�HQYLURQPHQWDO�IDFWRUV�LQ�WKH�YLFLQLW\�RI �WKH�DLUFUDIW�LQ�ÁLJKW���7KH�ODVW�IHZ�\HDUV�KDYH�EURXJKW�
VLJQLÀFDQW�FDSDELOLW\�WR�WKH�$LUERUQH�6FLHQFH�3URJUDP�XQGHU�WKH�XPEUHOOD�RI �WKH�0LVVLRQ�7RROV�6XLWH���
&XUUHQW�IXQFWLRQV�DUH�OLVWHG�LQ�7DEOH������6FLHQWLVWV�KDYH�H[SUHVVHG�LQWHUHVW�LQ�DGGLWLRQDO�IXQFWLRQDOLW\��
primarily in terms of  path planning coordinated with related Earth Science satellites.  Some requests are 
OLVWHG�LQ�7DEOH����

7DEOH�����)XQFWLRQV�RI�WKH�0LVVLRQ�7RROV�6XLWH

7DEOH�����$GGLWLRQDO�FDSDELOLWLHV�UHTXHVWHG�E\�VFLHQFH�FRPPXQLW\

Function

�� Remotely monitor real-time aircraft location
�� View current and archived aircraft flight tracks
�� Add information overlays from a curated product registry
�� Customize user workspaces
�� Communication and collaboration tools
�� Integrated IRC (Internet relay chat) client supporting multiuser and person-to-person private chat
�� Remotely monitor real-time instrument engineering data
�� Plotting and graphing

�� Visualization of satellite swath during overpass
�� Mission playback capability
�� Need tools for estimating the time required for a given flight leg, together with overlays of satellite 

 .tuptuo ledom laciremun ro yregami  
�� A tool to plan payloads would be useful. Something that would estimate whether a user-defined 
 payload can fit in a weight, volume and CG envelope of a given platform. 
�� A method of storing, integrating, and processing data similar to the “Field Catalog” developed at 
 NCAR would be very useful for complex NASA airborne missions
�� When we talk about multiple aircraft, we need more sophisticated, automated flight 
 scheduling/planning software.
   

Function
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Other recommended improvements include:

���,PSURYH�1DWLRQDO�$LUVSDFH��1$6��WUDFNLQJ�IRU�XQHTXLSSHG�1$6$�DQG�$63�PLVVLRQ�SDUWLFLSDWLQJ�DLUFUDIW��7KH�
� FXUUHQW�V\VWHP�IRU�REWDLQLQJ�WKLV�GDWD�LV�QRW�YHU\�UREXVW�DQG�KDV�UHOLHG�RQ�D�GHFDGH�ROG�$50'�V\VWHP��ZKLFK�KDV�D�
YDULHW\�RI �VWDELOLW\�DQG�UHOLDELOLW\�LVVXHV��)XUWKHUPRUH��REWDLQLQJ�WUDFNLQJ�LQIRUPDWLRQ�YLD�WKH�)$$�$6',�IHHG�LV�QR�
ORQJHU�DSSURYHG�E\�WKH�)$$��6ZLWFKLQJ�WR�WKH�QHZ�)$$�V\VWHP��6:,0��LV�QHFHVVDU\�WR�SURYLGH�WKLV�FDSDELOLW\��DQG�
WR�SURYLGH�WKH�$LUERUQH�6FLHQFH�3URJUDP�ZLWK�D�PRUH�UHOLDEOH�IHHG�

���,PSURYHPHQWV�WR�WKH�DUFKLYHG�WUDFN�GDWD�DQG�DFFHVV��7KH�FXUUHQW�V\VWHP�LV�OLPLWHG�WR�VSHFLÀF�XVHUV�DQG�LV�GLIÀFXOW�WR�
XVH��5HSRUWLQJ�DQG�KLVWRULFDO�GRFXPHQWDWLRQ�UHTXLUHV�JUHDWHU�DQG�HDVLHU�DFFHVV�WR�WKLV�GDWD�

�� 6DWHOOLWH�&RPPXQLFDWLRQV��6DW&RP��EXGJHW�LQFUHDVHV�DQG�DGGLWLRQDO�KDUGZDUH�WR�LPSURYH�PLVVLRQ�VLWXDWLRQDO�DZDUH-
QHVV��L�H���5$'$5��&DPHUDV��$'6�%���,W�ZRXOG�EH�YHU\�XVHIXO�IRU�D�YDULHW\�RI �PLVVLRQV�LI �RSHUDWRUV�RQ�WKH�JURXQG�
FRXOG�KDYH�DFFHVV�WR�FDPHUD�GDWD�IURP�SODWIRUP�DLUFUDIW��7KLV�UHTXLUHV�DQ�DLUFUDIW�WR�KDYH�D�FDPHUD��EXW�RQFH�HTXLSSHG��
VRPH�EXGJHW�WR�VHQG�LPDJHV�WR�WKH�JURXQG�LV�QHHGHG��7\SLFDOO\�WKLV�KDV�EHHQ�D�´QLFH�WR�KDYHµ�IRU�D�PLVVLRQ��EHFDXVH�FRQ-
VWUDLQHG�VDWFRP�EXGJHWV�KDYH�PHDQW�SULRULWL]LQJ�ZKDW�FDQ�EH�VHQW�WR�DQG�UHFHLYHG�IURP�WKH�DLUFUDIW��+RZHYHU��UHDO�WLPH�
LPDJHU\�FDQ�EH�D�SRZHUIXO�VLWXDWLRQDO�DZDUHQHVV�WRRO��,W�ZRXOG�EH�XVHIXO�WR�PDNH�LW�D�FRUH�FDSDELOLW\�IRU�VRPH�DLUFUDIW��
SDUWLFXODUO\�ZKHUH�WKHUH�LV�D�VXIÀFLHQW�JURXQG�VXSSRUW�SUHVHQFH��

���7KLV�UHFRPPHQGDWLRQ�DOVR�DSSOLHV�WR�DQ\�RWKHU�GDWD�WKDW�FRXOG�EH�FROOHFWHG�IURP�WKH�DLUFUDIW�DQG�VHQW�WR�WKH�JURXQG�IRU�
DGGLWLRQDO�HYDOXDWLRQ��7ZR�VXFK�H[DPSOHV�DUH�5$'$5�DQG�$'6�%�GDWD��)RU�D�YDULHW\�RI �PLVVLRQV��HVSHFLDOO\�WKRVH�
WKDW�DUH�PXOWL�DLUFUDIW�FDPSDLJQV��WKH�GDWD�IURP�RQH�DLUFUDIW�FDQ�EH�YHU\�XVHIXO�IRU�WKH�SODQQLQJ�DQG�WDVNLQJ�RI �DQRWKHU�
DLUFUDIW��

���7KHUHIRUH��WKH�JHQHUDO�UHFRPPHQGDWLRQ�LV�WR�LQFUHDVH�6DW&RP�EXGJHWV�IRU�GDWD�WR�LPSURYH�PLVVLRQ�VLWXDWLRQDO�DZDUH-
QHVV��7KLV�ZLOO��LQ�WXUQ��LPSURYH�PLVVLRQ�RSHUDWLRQV�LQ�D�YDULHW\�RI �FLUFXPVWDQFHV�
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����(:7�9,8<09,4,5;:�4,,;05.
Process
During the fall of  2012, each of  the NASA Science Centers was sent a survey to describe as quanti-
tatively as possible, the science requirements for airborne science capabilities. The survey results were 
iterated several times to clarify some answers. In April 2013, an ASP web meeting was held to review the 
survey results and discuss the needs with the ASP program and NASA Earth Science program managers, 
including the Research and Analysis director.

The NASA Centers surveyed and prime respondents are listed in Table 18. Input was collected from 
multiple sources and scientists within each Center.

In the pages of  requirements delivered, the areas addressed included:

�� 'HFDGDO�6XUYH\�VDWHOOLWH�PLVVLRQV
�� 2WKHU�VDWHOOLWH�PLVVLRQV
�� 6FLHQFH�IRFXV�DQG�SURFHVV�VWXG\�DUHDV
�� (DUWK�9HQWXUH
�� 7HFKQRORJ\�GHPRQVWUDWLRQ
�� $SSOLFDWLRQV
�� *HQHUDO�DLUFUDIW�DQG�SURJUDP�QHHGV

Respondents were asked to address the following questions:

1) What are the current capabilities within ASP that your community relies upon and will continue to 
rely upon for the foreseeable future?

2) What capabilities are lacking and in need of  development (platforms, sensors, telemetry, data sys-
tems, mission management)? What is the time frame?

���:KDW�DUH�WKH�DGGHG�EHQHÀWV�RI �WKH�QHZ�FDSDELOLWLHV"�:KDW�LPSDFW�ZRXOG there be if  these new 
FDSDELOLWLHV�GRQ·W�PDWHULDOL]H"

���:KDW�PDMRU�PLVVLRQV�FDPSDLJQV�DUH�SODQQHG�RYHU�WKH�QH[W���\HDUV"����\HDUV"

Table 18. NASA Centers surveyed and respondents 

Ames
Goddard
JPL
LaRC
MSFC

Steve Hipskind
Paul Newman, Matt McGill, Lisa Callahan
Gary Lau, Mike Gunson, Bill Mateer
Bruce Doddridge
Michael Goodman

Center Respondents
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���3OHDVH�GHVFULEH�����QRtional mission concepts that represent the breadth of  science desired. 
What Earth Science program focus areas do these concepts represent?

6) How important is payload data telemetry during a mission?

���:KDW�WRROV�ZRXOG�EH�XVHIXO�IRU�SODQQLQJ�DLUERUQH�VFLHQFH�PLVVLRQV"

8) What new sensors are planned oU�GHVLUHG�WR�VHUYLFH�\RXU�VFLHQFH�FRPPXQLW\"�:KDW�H[LVWLQJ�LQVWUX-
PHQWV�ZLOO�EH�LQ�RSHUDWLRQV�RYHU�WKH�QH[W������\HDUV"

:KHUH�SUDFWLFDO�ZH�ZDQWHG�WR�XQGHUVWDQG�FDSDELOLWLHV�UHTXLUHG�UDWKHU�WKDQ�VSHFLÀF�DLUFUDIW��EXW�SDUWLFXODU-
O\�LQ�WKH�QHDU�WHUP��DLUFUDIW�VSHFLÀF�UHTXLUHPHQWV�DUH�QHHGHG�DV�ZHOO�

$GGLWLRQDO�TXHVWLRQV�ZHUH�DGGHG�ODWHU�WR�DGGUHVV�VSHFLÀF�LVVXHV�DERXW�H[WUHPH�DOWLWXGH�DQG�HQGXUDQFH��
All teams provided answers to these additional questions.

Results
7KH�PDWUL[�RI �VXUYH\�UHVXOWV and Center presentations were made available to all participants. 
7KH�VXPPDU\�EULHÀQJ�FDQ�EH�IRXQG�RQ�WKH�$LUERUQH�6FLHQFH�3URJUDP�ZHEVLWH��)ROORZLQJ�DUH�VRPH�
highlights. 

� �� .HHS�'&����7KH�ODERUDWRU\�FDSDELOLW\�LV�HVSHFLDOO\�QHHGHG�IRU�DWPRVSKHULF�VFLHQFH�PLVVLRQV�

� �� .HHS�(5����7KH�KLJK�DOWLWXGH�FDSDELOLW\�LV�QHHGHG�IRU�ERWK�SURFHVV�VWXGLHV�DERYH�PRVW�RI �WKH�DWPRVSKHUH�DQG��
� � LQVWUXPHQW�GHYHORSPHQW�IRU�VDWHOOLWH�PLVVLRQV��7KH�:%����LV�DOVR�DYDLODEOH�IRU�KLJK�DOWLWXGH�VFLHQFH�ÁLJKWV��-6&��
� � RSHUDWHV�WKUHH�:%����DLUFUDIW�ZKLFK�FRXOG�EH�HPSOR\HG�IRU�DLUERUQH�VFLHQFH�

� �� .HHS�*+�²�PDNH�LW�OHVV�H[SHQVLYH�DQG�HDVLHU�WR�XVH��7KH�YHU\�ORQJ�HQGXUDQFH�RI �WKH�*OREDO�+DZN�LV�QHHGHG��
� � IRU�ZHDWKHU��GLXUQDO�LQYHVWLJDWLRQV�DQG�ORQJ�UDQJH�PLVVLRQV�

� �� $GG�ORQJHU�HQGXUDQFH�FDSDELOLW\�LQ�WKH��������²��������IW�UHJLPH��VL]H�OLNH�%������EXW�OHVV�H[SHQVLYH�WKDQ��
� � WKH�'&������7KH�LGHDO�FDSDELOLW\�LV�QRW�FXUUHQWO\�LQFOXGHG�LQ�WKH�$63�ÁHHW�

)LJXUH����VKRZV�ÁLJKW�UHJLPH�UHVXOWV�LQ�DOWLWXGH�HQGXUDQFH�VSDFH�IURP�WKH�DQVZHUV�WR�WKH�VXUYH\V��)LJXUH�
19 indicates which current platforms are needed in the future. Some of  the most frequently noted needs 
are listed in Table 9. (In Figure 19, the terminology “core-funded” refers to the Earth Science Director-
DWH�VXEVLG\�WR�WKHVH�DVVHWV�LQ�WKH�$63�ÁHHW��7KH�-6&�*�,,,�DLUFUDIW�LV�RQO\�VXEVLGL]HG�WKURXJK�)<�������
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Center survey results

Figure 18. )OLJKW�UHJLPH�UHTXLUHPHQW�VSDFH�LQGLFDWHG�LQ�&HQWHU�VXUYH\�UHVXOWV�

Figure 19. 6SHFL¿F�UHTXLUHPHQWV�IRU�FRQWLQXHG�XVH�RI�1$6$�DLUFUDIW�LQGLFDWHG�LQ�&HQWHU�VXUYH\�UHVXOWV�
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Table 19. Comments noted during requirements analysis process

Platform needs

Specific to UAS

Mission tools

Instrument /
platform needs

We need G-III – like capability on the East Coast. (To support terrestrial and ecosystem 
science without having long distance flights from California.) Note that the JSC G-III is 
based in Houston and can serve the East Coast.
We currently have medium duration (4 hr) for small payloads. “We need longer duration 
(8 hr) without having to use a larger, more expensive platform.”
Heavy lift ABOVE 40 kft to reach tropopause (for trop/strat science) Note that WB-57 
can meet this need.
24+ hours at 65,000 ft with scientists on board
Long-range capability to make measurements over the polar regions. (CO2 measure-
ments to support ASCENDS)
Growing demand for low-altitude observation, especially for surface and ocean carbon 
fluxes, ice and snow measurements.
Vertical profiles spanning the troposphere for studies of strat / trop species transport.
Radiation Sciences Program and Atmospheric Dynamics Program would like an aircraft 
with ability to carry investigators and sensors into convective clouds in the icing region. 
Note that S-B3 aircraft could be used to meet this requirement, depending on altitude 
required.

– UAS access to more of the NAS, not just over oceans.
– Ability (and permission) to fly 2 Global Hawks at one time.
– High altitude long duration UAS to demonstrate space capability.
– UAS (or other) with even longer observational periods – up to a week or more.
– Increased use of small UAVs for science and application areas.

For lidar development, testing and inter-comparisons: aircraft with two large nadir ports, 
power for two lidar systems, large access doors, available GPS antenna, with flight hour 
cost below the DC-8.

Ability to fly AVIRIS / AVIRIS-ng in conjunction with other instruments: HYTES, PRISM, 
UAVSAR (Could be done with G-III modifications.)

Nadir ports on P-3 for radiometers

Increased bandwidth for downloading of near real time airborne instrument observations 
to scientists at field operations center or home institution

Cost estimating tools
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*GIII: One fully funded

A
lt

it
u

d
e

 (
fe

e
t)

Endurance (hrs)

80000

70000

60000

50000

40000

30000

20000

10000
3km

9km

21km

(1) Twin Otter
Sherpa (1)

 (1) P-3

Anywhere, over land

1 week

Low altitude

Small
AC

Global Hawk 
 (2) ER-2

(1) Lear 25

 (3) B-200/UC12

S-3B (1)

(2) G-lll* 

(1) DC-8

(3) WB-57

Sierra (1)

Full Core funding
Reimbursable platforms

1

3

4

2
 (1) Falcon

 (1) Ikhana

5

���(5(3@:0:��9,*644,5+(;065:�(5+�*65*3<:065:
This section provides analysis based on the previous sections. It also looks forward to the sources for 
IXWXUH�ÁLJKW�UHTXHVWV�DQG�KRZ�WKRVH�PLJKW�OHDG�WR�IXWXUH�UHTXLUHPHQWV��5HFRPPHQGDWLRQV�DQG�FRQFOX-
sions close this section.

The requirements activities leading up to this report support several broad conclusions:

��7KH�FDSDELOLWLHV�RI �$LUERUQH�6FLHQFH�3URJUDP�DUH�IDLUO\�ZHOO�PDWFKHG�ZLWK�WKH�QHHGV�RI �WKH�(DUWK�VFLHQFH�FRPPXQLW\�

��1RQH�RI �SODWIRUPV�VXSSRUWHG�E\�WKH�3URJUDP�DSSHDUV�WR�EH�VXSHUÁXRXV��DV�IUHTXHQW�XVH�RI �PRVW�DLUFUDIW�LV�VKRZQ�LQ�
WKH�ÁLJKW�UHFRUGV�

��6HYHUDO�JDSV�LQ�FDSDELOLW\�KDYH�EHHQ�KLJKOLJKWHG��HVSHFLDOO\�DW�PLG�DOWLWXGH��a��KU�GXUDWLRQ�

��6RPH�RI �WKH�JDSV�KDYH�EHHQ�ÀOOHG�E\�RXWVLGH�VHUYLFHV��VXFK�DV�FRPPHUFLDO�YHQGRUV��WKH�XVH�RI �WKH�16)�1&$5�*9��
DQG�E\�DGGLQJ�WZR�&����V�WR�WKH�ÁHHW�

Figure 20. *DSV�LQ�WKH�H[LVWLQJ�ÀHHW�VXJJHVWHG�E\�&HQWHU�VXUYH\�UHVXOWV�

Gaps in Capacity
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Table 20. Explanation of the gaps shown in Figure 21

Performance needGap Possible solutionScience rationale

1. Flight altitude to 
50kft, 8 hr dura-
tion, moderate 
payload

2. Flight altitude 25 
to 35 kft, 8 hr 
duration, small 
to moderate 
payloadpayload

3. Very high 
altitude (65+kft), 
long duration 

 ( 24 hrs), fly 
anywhere

4. Very long 
 endurance 

(~week)

5. Low altitude, 
long duration (or 
long range to 
target), where 
the target is 
remote or there 
are basing 
constraints

Similar to DC-8 flight regime, 
including nadir ports, but 
something smaller and less 
expensive

Similar to King Air (B-200), 
but with longer duration

Above weather and traffic 
with ability to follow event

Similar flight regime as Global 
Hawk, ideally higher, not 
constrained to over ocean

100 – 200 ft over water, stable 
flight; over land with auto pilot

Lidar systems for weather 
and terrain mapping, but 
not full size laboratory.

In situ sampling and ocean 
color both want 8 hrs, but 
flight characteristics and 
cost of B-200.

Ability to monitor or track fire 
or pollutant plume, storm 
development

Ability to see the evolution 
of atmospheric transport 
processes during a 24-hour 
period

Radiation science over the 
ocean; carbon flux measure-
ment; coral or ocean color 
imaging

Gulfstream V

King Air B-350; possible 
business jet

Aerial refueling, airship or 
balloon; new aircraft

Continue UAS in the NAS 
work; possible new aircraft

Long duration, low altitude 
UAS (OR ship launch)

)LJXUH����SRLQWV�RXW�VRPH�JDSV�LGHQWLÀHG�LQ�WKH�H[LVWLQJ�ÁHHW�DV�D�UHVXOW�RI �WKH�&HQWHU�6XUYH\�DQG�UH-
TXLUHPHQWV�DFWLYLW\��7DEOH����H[SODLQV�WKH�QHHG�EHKLQG�HDFK�RI �WKHVH�JDSV���,Q�)LJXUH�����WKH�WHUPLQRORJ\�
´FRUH�IXQGHGµ�UHIHUV�WR�WKH�(DUWK�6FLHQFH�'LUHFWRUDWH�VXEVLG\�WR�WKHVH�DVVHWV�LQ�WKH�$63�ÁHHW��7KH�-6&�
*�,,,�DLUFUDIW�ZDV�RQO\�VXEVLGL]HG�WKURXJK�)<�������

-VYLJHZ[PUN�M\[\YL�YLX\PYLTLU[Z
The science questions that drive future Earth Science missions, in space, in the air, on the Earth Surface 
and below are articulated in the Earth Science plan and NASA Climate Change Plan. Airborne Science 
capabilities are driven by the need for measurements and observations both near and far, and from all 
UHJLRQV�RI �(DUWK���6RPHWLPHV�LW�LV�GLIÀFXOW�WR�VHH�VSHFLÀF�QHHGV�YHU\�IDU�DKHDG��3URJUDPPDWLFDOO\��WKH�
QH[W���\HDUV�ZLOO�VHH�ÁLJKW�UHTXHVWV�EDVHG�RQ�(DUWK�6FLHQFH�VDWHOOLWH�PLVVLRQV��ÀHOG�VWXGLHV��WHFKQRORJ\�
development, many of  them based on various NASA solicitations. The solicitations come out of  science 
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Figure 21.  $UHDV�RI�LQWHUHVW�IRU�(DUWK�9HQWXUH�6XERUELWDO�PLVVLRQV�

Relative Interest by Focus Areas 4PZZPVU�3VJH[PVUZ
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3URJUDP��(663���ZKLFK�PDQDJHV�(DUWK�9HQWXUH��2Q�WKH�RWKHU�KDQG��LW�LV�QRW�GLIÀFXOW�WR�LPDJLQH�ZKDW�
the needs could be, given that the science questions are fairly well articulated, even if  they evolve over 
time.  

One place to look for requirements is to project the recent past into the near future. Proposals for EV-1 
DQG�(96����IRU�H[DPSOH��VKRZHG�YDULRXV�LQWHUHVWV��DV�VKRZQ�LQ�)LJXUH����

Some lessons learned from Earth Venture Suborbital that apply to future ASP requirements:

��1HHGHG�DQRWKHU�8$96$5�DQG�D�F�WR�FDUU\�LW

��1HHGHG�DQRWKHU��PRUH�VXLWDEOH�D�F�IRU�3$/6

��3���SURSRVHG�IRU�QXPHURXV�VWXGLHV��&�����EHLQJ�UHDGLHG�IRU�VRPH�OHYHUDJH

��$LUVSDFH�FRRUGLQDWLRQ�VNLOOV�DUH�LPSRUWDQW��IRU�ERWK�PDQQHG�DLUFUDIW�DQG�8$6

��6FLHQFH�SHUVRQQHO�FDQ�EH�OLPLWHG��DV�ZHOO�DV�D�F��SD\ORDG��FRPP���HWF�SHUVRQQHO

�� ,W�LV�FKDOOHQJLQJ�WR�VKDUH�SD\ORDGV�ZLWK�RWKHU�SURMHFWV�ZKHQ�WKH\�DUH�LQYROYHG�LQ�(9�PLVVLRQV

��$FFHVVLQJ�SRODU�UHJLRQV�LV�D�SDUWLFXODU�FKDOOHQJH��EXW�LPSRUWDQW�DQG�HYHU�PRUH�LQ�GHPDQG

��)RUHLJQ�EDVLQJ�LV�DOVR�D�FKDOOHQJH�WKDW�UHTXLUHV�HDUO\�SODQQLQJ
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:JPLUJL�;VWPJ�(YLHZ�MYVT�<(:�WYVWVZHSZ

Figure 22. 9HKLFOHV�DQG�6FLHQFH�SURSRVHG�IRU�8$6�(QDEOHG�(DUWK�6FLHQFH�
�1RWH�WKDW�HDFK�SURSRVDO�UHTXLUHG�WZR�RU�PRUH�8$6��
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6SHFLÀF�WR�8$6��LW�LV�DOVR�SRVVLEOH�WR�SUHGLFW�VRPH�GHPDQG�IRU�8$6�EDVHG�RQ�WKH�SURSRVDOV�VXEPLWWHG�
WR�WKH�8$6�HQDEOHG�(DUWK�6FLHQFH�FDOO���7KH�VFLHQFH�DQG�YHKLFOHV�SURSRVHG�IRU�WKH������$����FDOO�DUH�
VKRZQ�LQ�)LJXUH������%DVHG�RQ�WKH�RQJRLQJ�DFWLYLWLHV�RI �8$6�VHOHFWHG�SURMHFWV��VHYHUDO�OHVVRQV�IRU�WKH�
future include: 

��7KHUH�LV�D�QHHG�IRU�ORQJ�UDQJH�8$6�FDSDELOLWLHV��ORQJ�HQGXUDQFH��ERWK�ORZ�DQG�KLJK�DOWLWXGH

��7KHUH�LV�D�UHTXLUHPHQW�IRU�PRUH�UHOLDEOH��KLJKHU�EDQGZLGWK�FRPPXQLFDWLRQV�LQ�WKH�$UFWLF

��&RPPRQ�GDWD�V\VWHPV�IRU�VPDOO�WR�PHGLXP�FODVV�8$6�ZRXOG�IDFLOLWDWH�WKH�SRUWDELOLW\�RI �SD\ORDGV�DQG�
� UHGXFH�FRVWV�DQG�HQJLQHHULQJ

��0RUH�GLOLJHQFH�LV�UHTXLUHG�GXULQJ�WKH�SURSRVDO�GHYHORSPHQW�DQG�UHYLHZ�SURFHVV��WR�YDOLGDWH�WKH�SHUIRUPDQFH�RI �
&276�SD\ORDGV�IRU�8$6�
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Cal/val plans for upcoming satellite missions ICESat-2 and SWOT are also forthcoming. Finally, the 
NASA Climate Response Plan calls for an emphasis on continuity of  climate-related measurements and 
$63�FDSDELOLWLHV�PD\�EH�UHTXLUHG�WR�ÀOO�JDSV�ZKLOH�DZDLWLQJ�VDWHOOLWH�ODXQFK�IRU�VRPH�XSFRPLQJ�PLVVLRQV��
$Q�H[DPSOH�LV�WKH�1,6$5�PLVVLRQ��ZKLFK�ZLOO�GHPDQG�HYHQ�PRUH�XVH�RI �WKH�8$96$5�V\VWHP�RQ�
the G-III.

Conclusions and Recommendations
Requirements for Airborne Science PrograP�FDSDELOLWLHV�DUH�IRXQG�QRW�RQO\�LQ�WKH�RIÀFLDO�)OLJKW�
Requests (SOFRS), but also through upcoming mission planning activities, technology development, 
DQG�GLVFXVVLRQV�ZLWK�1$6$�(DUWK�6FLHQFH�SURJUDP�PDQDJHUV�DQG�WKH�VFLHQWLÀF�FRPPXQLW\���%DVHG�RQ�
WKH�LQIRUPDWLRQ�FROOHFWHG�IRU�WKLV�UHSRUW��PRUH�WKDQ�����RI �VFLHQFH�ÁLJKW�KRXU�QHHGV�DUH�PHW�XVLQJ�
$63�VXSSRUWHG�DLUFUDIW�DQG�PRUH�WKDQ�����XVLQJ�1$6$�DIÀOLDWHG�DLUFUDIW��,Q�UHFHQW�\HDUV��WKH�QXPEHU�
RI �ÁLJKW�KRXUV�KDV�FRQWLQXHG�WR�LQFUHDVH�ODUJHO\�LQ�VXSSRUW�RI �2SHUDWLRQ�,FH%ULGJH�DQG�WKH�(DUWK�9HQ-
WXUH�SURMHFWV��EXW�LW�LV�H[SHFWHG�WKDW�WKLV�WUHQG�ZLOO�OHYHO�RQFH�2,%�LV�RYHU��

:KLOH�VSHFLÀF�UHTXLUHPHQWV�DUH�GLIÀFXOW�WR�SURMHFW�IDU�LQWR�WKH�IXWXUH�EHFDXVH�RI �WKH�QDWXUH�RI �WKH�
NASA solicitation and award process, it is clear that ASP capabilities will be needed in both the near 
�����\HDUV��DQG�PLG�WHUP������\HDUV��IRU�VDWHOOLWH�DQG�,66�VXSSRUW��SJV���������SURFHVV�VWXGLHV��SJ������
LQVWUXPHQW�WHVWLQJ��SJ�����DQG�(DUWK�9HQWXUH��SJ������7KH�IXOO�VSHFWUXP�RI �ÁHHW�FDSDELOLWLHV�LV�UHTXLUHG��
especially at the far edges of  the altitude, endurance and payload-carrying envelopes. New capabilities 
DUH�DOVR�UHTXLUHG��HVSHFLDOO\�IRU���KU�GXUDWLRQ�ÁLJKW�RYHU�WKH�HQWLUH�DOWLWXGH�SURÀOH�IURP��������WR��������
IHHW��EXW�ZLWK�SHUKDSV�VPDOOHU�DQG�OHVV�H[SHQVLYH�V\VWHPV�

Table 21. Flight requests anticipated based on the following activities

Planned R&A Solicitations with airborne component
%DVHG�RQ�NQRZQ�DQG�SODQQHG�VROLFLWations and activities, the Airborne Science Program can look ahead 
DQG�SUHSDUH�IRU�ÁLJKW�UHTXHVWV��DV�VXJJHVWHG�LQ�7DEOH����
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7KH�SULPDU\�ÀQGLQJV�RI �WKLV�UHTXLUHPHQWV�VXUYH\�DUH�

��7KHUH�DUH�FOHDU�UHTXLUHPHQWV�IRU�DOO�DLUFUDIW�FXUUHQWO\�LQ�WKH�FRUH�ÁHHW�JLYHQ�FXUUHQWO\�IXQGHG�LQVWUXPHQW�GHYHORSPHQW��
VDWHOOLWH�PLVVLRQV��5	$�UHVHDUFK��DQG�WKH�(DUWK�9HQWXUH�OLQH�RI �PLVVLRQV�

��$OO�VDWHOOLWH�PLVVLRQV�FXUUHQWO\�LQ�IRUPXODWLRQ�KDYH�SODQV�WR�XVH�DLUFUDIW�GXULQJ�RQH�RU�PRUH�SKDVHV�RI �WKHLU�GHYHORS-
PHQW�DQG�RSHUDWLRQV�

��5HTXLUHPHQWV�IRU�PHGLXP�DOWLWXGH��PHGLXP�SD\ORDG��EXVLQHVV�FODVV�MHW�RU�6XSHU�.LQJ�$LU�DLUFUDIW�KDYH�LQFUHDVHG�DQG�
UHSUHVHQW�D�JDS�LQ�WKH�FXUUHQW�ÁHHW��IRUFLQJ�SURMHFWV�WR�UHO\�RQ�OHVV�FDSDEOH�DLUFUDIW��RU�RWKHU�DJHQF\�DLUFUDIW�

��7KHUH�DUH�QR�SODWIRUPV�FDSDEOH�RI �SURYLGLQJ�ORZ�DOWLWXGH�ORQJ�HQGXUDQFH�PHDVXUHPHQWV�UHTXLUHG�IRU�RFHDQ�DQG�ODQG�
VXUIDFH�ÁX[HV�DQG�UDGLDWLRQ�PHDVXUHPHQWV

��7KHUH�LV�D�FRQWLQXHG�FDOO�IURP�WKH�VFLHQFH�FRPPXQLW\�IRU�KLJK�DOWLWXGH�ORQJ�HQGXUDQFH�SODWIRUPV�IRU�SURYLGLQJ�JHRVWD-
WLRQDU\�OLNH�PHDVXUHPHQWV�LQ�DGGLWLRQ�WR�SURYLGLQJ�GLXUQDO�PHDVXUHPHQWV�RI �DWPRVSKHULF�SKHQRPHQRQ

The mission tools and communications and data management capabilities which have been developed 
LQ�WKH�SDVW�IHZ�\HDUV�DUH�EHLQJ�XWLOL]HG�ZLWK�HYHU�JUHDWHU�IUHTXHQF\�DQG�XWLOLW\��VR�PXFK�VR�WKDW�WKHUH�LV�
QRZ�GHPDQG�IRU�HYHQ�JUHDWHU�IXQFWLRQDOLW\�DQG�VSHHG��6SHFLÀF�UHFRPPHQGDWLRQV�IRU�LPSURYHPHQWV�LQ�
situational awareness include increased SatCom budgets and related hardware.

Suggestions and requests for new or improved capabilities are included in this report and follow-up  
EHWZHHQ�WKH�$63�'LUHFWRU�DQG�VFLHQFH�OHDGV�RQ�VSHFLÀF�UHTXLUHPHQWV�LV�UHFRPPHQGHG��%H\RQG�LQYHVW-
ment targets for hardware and software, are several suggestions for improved program processes.  These 
include:

��5HTXHVWLQJ�DQ�DLUERUQH�SODQQLQJ�HOHPHQW�LQ�DOO�VDWHOOLWH�PLVVLRQ�SURJUDPV��DV�HDUO\�DV�.'3�$��

��$�FRVW�FDOFXODWRU�IRU�WKH�YDULRXV�DLUFUDIW�DQG�VXSSRUW�LQVWUXPHQWDWLRQ��LQFOXGLQJ�LQWHJUDWLRQ�HVWLPDWHV��IRU�VFLHQWLVWV�WR�
XVH�LQ�SURSRVDO�SODQQLQJ�

��5RXWLQH�XSGDWHV�WR�)OLJKW�5HTXHVWV�LQ�62)56�ZKHQ�ÁLJKW�GDWHV�FKDQJH�
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APPENDIX A. ASSETS AND CAPABILITIES OF THE AIRBORNE
����������������������:*0,5*,�796.9(4
TKLV�$SSHQGL[�FRQWDLQV�D�GHWDLOHG�GHVFULSWLRQ�RI �WKH�$6P program capabilities. More information can 
be found on the ASP website at http://airbornescience.nasa.gov.

Table A1. Current NASA Aircraft Platforms

Figure A1 shows the range of  aircraft capabilities in altitude – endurance space. Not all of  these plat-
IRUPV�DUH�VXEVLGL]HG�E\�WKH�(DUWK�6FLHQFH�'LYLVLRQ��6HH�7DEOH�$��IRU�WKH�OLVWV�RI �WKRVH�DLUFUDIW�WKDW�
are and are not ASP-supported. Figures A2 shows the same aircraft in altitude – range space.  Figure 
$��VKRZV�JUDSKLFDOO\�WKH�SD\ORDG�FDSDELOLW\�RI �WKH�1$6$�(DUWK�6FLHQFH�DLUFUDIW��)LJXUH�$��VKRZV�DOO�
aircraft in the combined Interagency Coordinating Committee for Airborne Geoscience Research and 
$SSOLFDWLRQV��,&&$*5$��ÁHHW�DYDLODEOH�IRU�(DUWK�6FLHQFH�

Airborne
Science
Program

Resources

GTOW
(lbs)

Max
Altitude

(ft)
Platform

Name Center Duration
(Hours)

Useful
Payload

(lbs)
Airspeed
(knots)

Range
(Nmi) Internet and Document 

References

ASP 
Supported
Aircraft*

Other
NASA
Aircraft

DC-8

ER-2 (2)

Gulfstream III
(G-III)(C-20A)

Global Hawk
 

P-3

B-200 
(UC-12B)

B-200

B-200

B-200
King Air

C-130 (2)

C-23 Sherpa

Cessna 206H

Cirrus SR22

Dragon Eye

Gulfstream III
(G-III)

HU-25C
Falcon

Ikhana

Learjet 25

Learjet 35

S-3B Viking

SIERRA

T-34C

Twin Otter

UH-1

Viking-400 (4)

WB-57 (3)

12

12

7

26

14

5

5

5

6.0

12

6

5

6.1

<1

7

4.5

20

2

2.5

6

10

3

3

2

11

6.5

30,000

2,550

2,610

1,500

14,700

2,000

1,700

2,000

1,800

36,500

7,000

646

932

1

2,610

2,000

2,000

2,000

4,200

12,000

100

100

3,000

3,880

100

8,800

340,000

40,000

69,700

26,750

135,000

13,500

13,420

13,500

12,500

155,000

27,100

3,600

3,400

6

69,700

32,000

10,500

15,000

19,600

52,500

400

4,400

11,000

9,040

520

72,000

41,000

>70,000

45,000

65,000

32,000

28,000

28,000

28,000

28,000

33,000

20,000

10,000

10,000

1000

45,000

36,000

45,000

45,000

45,000

40,000

12,000

25,000

25,000

12,000

15,000

60,000+

450

410

460

335

400

220

270

220

275

290

190

150

175

34

460

350

171

350

350

350

60

150

140

108

60

410

5,400

>5,000

3,400

9,000

3,800

1,000

1,400

1,000

1,800

3,000

1,000

700

970

3

3,400

1,600

3,000

1,000

2,300

2,300

600

500

450

275

600

2,500

NASA-
AFRC
NASA-
AFRC
NASA-
AFRC
NASA-
AFRC
NASA-
WFF
NASA-
LARC
NASA-
AFRC
NASA-
LARC
NASA-
WFF
NASA-
WFF
NASA-
WFF
NASA-
LARC
NASA-
ARC
NASA-
JSC
NASA-
LARC
NASA-
AFRC
NASA-
GRC
NASA-
GRC
NASA-
ARC
NASA-
GRC
NASA-
GRC
NASA-
GSFC
NASA-
ARC
NASA-
JSC

http://airbornescience.
nasa.gov/aircraft/DC-8
http://airbornescience.nasa.gov-
/aircraft/ER-2
http://airbornescience.nasa.gov-
/aircraft/G-III_C-20A_-_Dryden
http://airbornescience.nasa.gov-
/aircraft/Global_Hawk
http://airbornescience.nasa.gov-
/aircraft/P-3_Orion
http://airbornescience.nasa.gov-
/aircraft/B-200_UC-12B_-_LARC
http://airbornescience.nasa.gov-
/aircraft/B-200_-_DFRC
http://airbornescience.nasa.gov-
/aircraft/B-200_-_LARC
https://airbornescience.nasa.gov-
/aircraft/B-200_King_Air_-_WFF
https://airbornescience.nasa.gov-
/aircraft/C-130_Hercules
http://airbornescience.nasa.gov-
/aircraft/C-23_Sherpa
http://airbornescience.nasa.gov-
/aircraft/Cessna_206H
http://airbornescience.nasa.gov-
/aircraft/Cirrus_Design_SR22
http://airbornescience.nasa.gov-
/aircraft/B-200_-_LARC
http://airbornescience.nasa.gov-
/aircraft/G-III_-_JSC
http://airbornescience.nasa.gov-
/aircraft/HU-25C_Falcon
http://airbornescience.nasa.gov-
/aircraft/Ikhana
http://airbornescience.nasa.gov-
/aircraft/Learjet_25

http://airbornescience.nasa.gov
/aircraft/S-3B
http://airbornescience.nasa.gov-
/platforms/aircraft/sierra.html
http://airbornescience.nasa.gov-
/aircraft/T-34C
http://airbornescience.nasa.gov-
/aircraft/Twin_Otter_-_GRC
https://airbornescience.nasa.gov-
/aircraft/UH-1_Huey
https://airbornescience.nasa.gov-
/aircraft/Viking-400
http://airbornescience.nasa.gov-
/aircraft/WB-57
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Figure A1. $63�SODWIRUP�FDSDELOLWLHV�LQ�DOWLWXGH�DQG�GXUDWLRQ���DOO�DYDLODEOH�DLUFUDIW��

Figure A2. $63�SODWIRUP�FDSDELOLWLHV�LQ�DOWLWXGH�DQG�UDQJH���DOO�DYDLODEOH�1$6$�DLUFUDIW�

5(:(�,HY[O�:JPLUJL�9LZLHYJO�*HWHISL�(PYJYHM[

5(:(�,HY[O�:JPLUJL�9LZLHYJO�*HWHISL�(PYJYHM[
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DC-8, ER-2, Twin 
Otter, WB-57, B200

DC-8, P-3

DC-8, ER-2, P-3, 
B200

DC-8, P-3

WB-57

DC-8, P-3, C-130
DC-8, P-3, C-130

DC-8, P-3, C-130

DC-8, P-3, C-130
Global Hawk UAS

Global Hawk UAS

Airborne Sensor Facility / ARC

Airborne Sensor Facility / ARC

Airborne Sensor Facility / ARC

2 at Airborne Sensor Facility / ARC
2 at WFF

JSC

Airborne Sensor Facility / ARC
Airborne Sensor Facility / ARC

Airborne Sensor Facility / ARC

Airborne Sensor Facility / ARC
Airborne Sensor Facility / ARC

Airborne Sensor Facility / ARC

MASTER (MODIS/ASTER Airborne Simulator)  
50 ch multispectral line scanner 
V/SWIR-MW/LWIR
Enhanced MAS (MODIS Airborne Simulator) 38 
ch multispectral scanner + VSWIR imaging 
spectrometer 
AVIRIS-ng Imaging Spectrometer 
(380 - 2510nm range, Dl 5nm)
AVIRIS Classic Imaging Spectrometer      
(400 – 2500nm range, Dl 10nm)
UAV_SAR  Polarimetric L-band synthetic 
aperture radar, capable of Differential
interferometry
NAST-I Infrared imaging interferometer 
(3.5 – 16mm range)

Instruments/DescriptionS upported PlatformsS upport group / location

Satellite Communications systems on ASP aircraft Supported PlatformsS upport group / location

Instruments/Description Supported Platforms Support group / location

B200, DC-8, ER-2, 
P-3, WB-57

ER-2 

Twin Otter

ER-2, Twin Otter

ER-2, Twin Otter

ER-2

Airborne Sensor Facility / ARC

Airborne Sensor Facility / ARC

JPL / JPL

JPL / JPL

JPL / JPL

U Wisconsin / LaRC

Ku-Band (single channel) / > 1 Mb/sec

Inmarsat BGAN (two channel systems) / 432 
Kb/sec per channel

Iridium (1 – 4 channel systems) / 
2.8 Kb/sec per channel

Global Hawk & Ikhana UAS; 
WB-57
DC-8, WB-57, P-3, S-3B, 
DFRC B200, ER-2, 
Global Hawk
Global Hawk, DC-8, P-3, 
ER-2, WB-57, G-III, 
SIERRA, C-130, others

NSERC / DFRC / JSC

Airborne Sensor Facility / DFRC

Airborne Sensor Facility, NSERC 
/ARC

DCS (Digital Camera System)                                                                  
16 MP color infrared cameras
DMS (Digital Mapping System)                                                                 
21 MP natural color cameras
POS AV 510 (3) Applanix Position and Orienta-
tion Systems                                                       
DGPS w/ precision  IMU
POS AV 610 (2) Applanix Position and Orienta-
tion Systems                                                  
DGPS w/ precision IMU
DyNAMITE (Day/Night Airborne Motion Imagery 
for Terrestrial Environments) Full Color High 
Definition and Mid-Wave IR High Resolution 
Full Motion Video System
Hygrometers
IR surface temperature instruments
High-speed 3D winds and aircraft attitude 
instruments
Static air temperature instruments
HDVIS High Def Time-lapse Video System
LowLight VIS                                                                                          
Low Light Time-lapse Video System

Table A2. Facility Equipment and Communications capabilities 

(PYIVYUL�:JPLUJL�7YVNYHT�-HJPSP[`�,X\PWTLU[

EOS and R&A Program Facility Instruments

:H[LSSP[L�*VTT\UPJH[PVUZ�Z`Z[LTZ�VU�(:7�HPYJYHM[
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Table A3. Functions of the Mission Tool Suite 

�� Remotely monitor real-time aircraft location
�� View current and archived aircraft flight tracks
�� Add information overlays from a curated product registry
�� Customize user workspaces
�� Communication and collaboration tools
�� Integrated IRC (Internet relay chat) client supporting multiuser and person-to-person private chat
�� Remotely monitor real-time instrument engineering data
�� Plotting and graphing

MTS Functions



UPDATE ON NASA AIRBORNE SCIENCE PROGRAM (ASP) REQUIREMENTS  I  2015

50

(77,5+0?�)��(:7���@,(9�73(5��HZ�VM�TPK������

(PYIVYUL�:JPLUJL���@LHY�7SHU���I`�HPYJYHM[
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(PYIVYUL�:JPLUJL���`LHY�WSHU�I`�HPYJYHM[��JVU[PU\LK�
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(PYIVYUL�:JPLUJL���@LHY�7SHU�I`�ZJPLUJL�HYLH��HZ�VM�TPK������
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APPENDIX C. Acronyms

ABoVE� 7KH�$UFWLF�%RUHDO�9XOQHUDELOLW\�([SHULPHQW

ACE Aerosol-Cloud-Ecosystem

ACT-America Atmospheric Carbon and Transport-America

ADS-B� $XWRPDWLF�'HSHQGHQW�6XUYHLOODQFH�%URDGFDVW

AFRC Armstrong Flight Research Center

AGL Above ground level

AirMOSS Airborne Microwave Observatory of  Subcanopy and Subsurface

AITT Airborne Instrument Technology Transition

AMPR Advanced Microwave Precipitation Radiomete

AMSR-E Advanced Microwave Scanning Radiometer for EOS

ARC Ames Research Center

ARCTIC COLORS Arctic – Coastal Land Ocean Interactions

ARMD Aeronautics Research Mission Directorate

ASCENDS Active Sensing of  CO2 Emissions over Nights, Days and Seasons

ASMLS Airborne Scanning Microwave Limb Sounder

ASP Airborne Science Program

ATMS Advanced Technology Microwave Sounder

ATOM� $WPRVSKHULF�7RPRJUDSK\�([SHULPHQW

ATTREX� $LUERUQH�7URSLFDO�7URSRSDXVH�([SHULPHQW

AVIRIS-ng� $LUERUQH�9LVLEOH���,QIUDUHG�,PDJLQJ�6SHFWURPHWHU�QH[W�JHQHUDWLRQ

AVIRIS Airborne Visible / Infrared Imaging Spectrometer

CALIOP� &ORXG�$HURVRO�/LGDU�ZLWK�2UWKRJRQDO�3RODUL]DWLRQ

CALIPSO� &ORXG�$HURVRO�/LGDU�DQG�,QIUDUHG�3DWKÀQGHU�6DWHOOLWH�2EVHUYDWLRQV

CAMPEx� &ORXG�$HURVRO�0RQVRRQ�3KLOLSSLQHV�([SHULPHQW

CARVE� &DUERQ�LQ�$UFWLF�5HVHUYRLUV�9XOQHUDELOLW\�([SHULPHQW

CATS Cloud Aerosol Transport System

CERES Clouds and the Earth’s Radiant Energy System

CLPX� &ROG�/DQG�3URFHVVHV�([SHULPHQW�

CORAL Coral Reef  Airborne Laboratory

COSMIR Conical Scanning Millimeter-wave Imaging Radiometer

COTS Commercial Off-the-Shelf

CPL Cloud Physics Lidar
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CPR� &ORXG�3URÀOLQJ�5DGDU

CrIS Cross-track Infrared Sounder

CYGNSS Cyclone Global Navigation Satellite System

DISCOVER-AQ Deriving Information on Surface Conditions from column and vertically resolved   
 observations relevant to Air Quality

DPR Dual- frequency Precipitation Radar 

ECOSTRESS ECOSTRESS = EcosyVWHP�6SDFHERUQH�7KHUPDO�5DGLRPHWHU�([SHULPHQW�RQ�� �
 Space Station

eMAS enhanced MODIS airborne simulator

EO Earth Observer

ESD Earth Science Directorate

ESSP� (DUWK�6FLHQFH�3DWKÀQGHU�3URJUDP

ESTO� (DUWK�6FLHQFH�7HFKQRORJ\�2IÀFH

EV Earth Venture

EVS Earth Venture Suborbital

EXPORTS EXport Processes in the Ocean from RemoTe Sensing

FAA Federal Aviation Administration

G-LiHT Goddard’s Lidar, Hyperspectral and Thermal

GCAS GEO-CAPE Airborne Simulator

GEDI Global Ecosystem Dynamics Investigation

GEO-CAPE GEOstationary Coastal and Air Pollution Events

GEO-TASO� *HRVWDWLRQDU\�7UDFH�JDV�DQG�$HURVRO�6HQVRU�2SWLPL]DWLRQ

GH Global Hawk

GHG Greenhouse Gas

GLISTIN Glacier and Ice Surface Topography Interferometer

GOCI Geostationary Ocean Color Imager

GPM Global Precipitation Measurement

GRACE� *UDYLW\�5HFRYHU\�DQG�&OLPDWH�([SHULPHQW

GSFC Goddard Space Flight Center

HDSS� +LJK�'HÀQLWLRQ�6RXQGLQJ�6\VWHP

HIRDLS High resolution dynamics limb sounder

HIWRAP� +LJK�$OWLWXGH�,PDJLQJ�:LQG�DQG�5DLQ�$LUERUQH�3URÀOHU

HS3 Hurricane and Severe Storm Sentinel

HSRL High Spectral Resolution Lidar
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HyspIRI Hyperspectral Infrared Imager

HyTES Hyperspectral Thermal Emission Spectrometer

ICCAGRA Interagency Coordinating Committee for Airborne Geoscience Research and Applications

IIP Instrument Incubator Program

IIR Imaging Infrared Radiometer

InSAR Interferometric synthetic aperture radar

ISS International Space Station

KaSPAR Ka-band SWOT Phenomenology Airborne Radar

KDP-A Key Decision Point-A

LaRC Langley Research Center

LCLUC Land Cover Land Use Change

LIS Lightning imaging sensor

LVIS Laser Vegetation Imaging Sensor

MABEL� 0XOWLSOH�$OWLPHWHU�%HDP�([SHULPHQWDO�/LGDU�

MACPEX� 0LG�ODWLWXGH�$LUERUQH�&LUUXV�3URSHUWLHV�([SHULPHQW

MAS MODIS Airborne Simulator

MASTER MODIS/ASTER Airborne Simulator

MISR Multi-angle Imaging SpectroRadiometer

MLS Microwave limb sounder

MODIS Moderate-Resolution Imaging Spectroradiometer

MTS Mission Tool Suite

NAAMES North Atlantic Aerosols and Marine Ecosystems Study

NAS National Airspace

NAST NPOESS Airborne Sounder Testbed

NCAR National Center for Atmospheric Research

NIR Near Infrared

NISAR NASA-ISRO SAR

NOAA National Oceanic and Atmospheric Administration

NPP National Polar-orbiting Partnership

NSF National Science Foundation

OCI Ocean Color Instrument

OCO Orbiting Carbon Observatory
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OIB� 2SHUDWLRQ�,FH%ULGJH

OMG Ocean Melting Greenland

OMI� 2]RQH�PRQLWRULQJ�LQVWUXPHQW

OMPS� 2]RQH�0DSSHU�DQG�3URÀOHU�6XLWH

ORACLES Observations of  Aerosols Above Clouds and their Interactions

PACE Pre-Aerosol-Cloud-Ecosystem

PALS Passive Active L-and S-band Sensor

PRISM Portable Remote Imaging Spectrometer

RSP Research Scanning Polarimeter

SABOR� 6KLS�$LUFUDIW�%LR�2SWLFDO�5HVHDUFK

SAGE� 6WUDWRVSKHULF�$HURVRO�DQG�*DV�([SHULPHQW

SAR Synthetic Aperture Radar

SatCom Satellite Communications

SEAC4RS Studies of  Emissions and Atmospheric Composition, Clouds and 
          Climate Coupling by Regional Surveys

SIMPL� 6ORSH�,PDJLQJ�0XOWL�SRODUL]DWLRQ�3KRWRQ�FRXQWLQJ�/LGDU

SLAP Scanning L-band Active Passive

SLI Sustained Land Imaging

SMAP Soil Moisture Active Passive

SMD Science Mission Directorate

SOFRS Science Operations Flight Request System

SWIM System Wide Information Management

SWOT Surface Water and Ocean Topography

TBD To be determined

TEMPO Tropospheric Emissions: Monitoring of  Pollution

TES Tropospheric emission spectrometer

UAS Unmanned Aircraft System

UAVSAR Unmanned Aerial Vehicle Synthetic Aperture Radar

UNOLS University-National Oceanographic Laboratory System

UTLS Upper troposphere / lower stratosphere

VIIRS Visible Infrared Imager Radiometer Suite

WFC Wide Field Camera

WFF Wallops Flight Facility




